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Preface

The present two volumes represent the major output of a project

designed to discover whether or not the'Rasch Model has any utility in

the equating of pre-existing tests. Essentially, we reanalyzed the

data from the equating phase of the Anchor Test Study. We believe

that in terms of Rasch Model research, this study is the largest

(number of tests included and sample size) to date where attempts have

been made to use the model'outside of a test construction context. We

have, however, provided some guidelines for those interested in test

construction.

There are many aspects of the data that are not fully exploited

in these reports. We have tried to write these volumes from a rather

narrow perspective when dealing with the Rasch Model; yet, we have tried

tc achieve some degree of comprehensiveness,with respect to the equating

3

process. There are many things yet to be learned and much left to do.

If some of the ideas presented here spark interest, we invite you to

join us.

A number of people have contributed to this effort. 7irst and

foremost, Dr. Charles H. Hammer, our U. S. b. E. project offiscer, has

been most patient and helpful. He has arrays exhibited a high degree

of professionalism.

Our respect and appreciation go to Dr. Peter Loret and his colleagues

at ETS who produced the Anchor Test Study. They have made a,significant

contribution. When we received the data from Peter on computer tapes,
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...

each tape contained exactly the Information he said it contained, and

each record contained all tht 'nformation that was supposed to be there.

ThoSe of you with some data p7ocessing experience know that this is

not a small-achievement.

The project funding e abled us to secure the consultant services

of Professor Benjamin D. !right and Prof ssor Georg Rasch. The ten
'
,,

,

days they spent with us were prodiffve and insightful. Georg Ra.sch

is a remarkable man. a has ene y, enthusiasm and a respectful

attitude toward data Ben Wr

Many of the specifi procedur/es used here, especially with regarc! to

7
t continues to assist us in our work.

equating, were suggested by him. His intellectual contribution to this

/
study was invalutable.

Finally, ye wish to thank the staff of the Educational Research

laboratory. hany of them have made contributions and provided assistance.

Donna Wortley typed the manuscript in many versions and is happy tha

we finally /decided what to say. ,She has made our job much easier
/ .

than it could have been.
//

/
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Chapter 1

Introduction

In 1960 Georg Rasch published,a book, Probabilistic Models for

Some Intelligence and Attainment Tests, in which he described several

mathematical models for representing responses to test questions. One of

these models, which Rasch call's the simple item analysis model, has

become popularly known as "the Rasch Model".1

While a smattering of research on the Rasch Model appeared in this

country between 1960 and 1967, it was not until the 1967 ETS Invitational

Conference on Testing that the interest of the American measurement

community was stirred. Professor Benjamin Wright's paper on "Sample-free

Test Calibration and Person Measurement", presented at that conference,

has probably served to popularize the Rach *Adel more than any other

work. Research dated since the Wright.paper now numbers well over 300

papers. Proponents of the Rasch Model advocate its use in test develop-

ment largely on the basis that the model Promises to achieve two impor-

tant consequences long deemed desirab by psychometricians: (1) item

calibrations that are independent of tie calibrkting:sample; and

(2) person measurement that is independent of a specific set of items.

There are several implications of these consequences: (1) Any

1 Throughout this paper we will employ the convention of referring

to Rasch's simple item analysis model as the "Rasch Model".

11
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apprOpriate collection of individuals can'be used in the calibration .

process as opposed to resorting to som6 elaborate sampling plan; (2)

given a pool of calibrated items, any subset of that pool can be used

to measure an individual. All such subsets will estimate ability on

a common scale. This latter condition greatly simplifies the problem

of equating different tests and the former condition renders obsolete

the special attention given'to sampling plans when, for example,

achievement tests are nationally standardized.? If different collections

of items (e.g., different tests) can be used to make measurements on a

common kale,then the fundamental problem of test equating is solved. ,

It is the primary purpose of this research to investigate the use

of the Rasch Model for equating reading achievement tests, specifically

those reading tests used in the Anchor Jest Study (ATS) (Loret, Sedef,,

Bianchini & Vale, 1974). A number of objectives guided the investigation,

of the reanalysis of the Anchor Test Study. These objectives are

summarized here and elaborated upon in subsequent sections of this report.

1.1 Objectives

1. To descriffe a methodology for test equating using the Raschmodel.

2. To provide basic item analysis 'data fpr each test in the Anchor
Test Study data base.

3. To evaluate the fit of the Rasch Model with respect to those
tests that were part of the data base.

4. To investigate the stability of Rasch Model parameter estimates
under conditions of vaeying sample size and sample composition.

2 The above comments do riot refer to the collection of norms data but

only that process used in typical data collection activities for item
analysis and test equating purposes.

12
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5. To provide tables of equated scores based on Rasch Model methods.

6. To estimate the equating error associated with the use of the
above equating methods..

7. To compare the results of equating with those obtained in the
Anchor Test Study.

1.2 Background and Significance

Jaeger (1973) described quite well the motivation that gave rise

tothe support by the USOE of a study to equate several of the most

commonly used reading achievement tests. His discussion of both the

scientific and practical merits of the national test-equating study in

reading (called the Anchor Test Study) points to four areas in which the

Anchor Test Study distinguishes itself:

1) Its fulfillment of a long-standing objective of the, measurement
community, i.e., the equating of widely used achievement tests
in reading comprehension and vocabulary.

2)- Its uppe - it required adminsistration'of nearly 500,000
rpartinn rnmnrohoncinri and vocabulary testsi.to over 300,000
children in 1,650 elementary schools in all 50 states..

3) Its widespread,support - the study-carried the endorsement of
rhe U. S. Commissioner of Education,' 49 of the nations's
ief State School Officers, and district superintendents and

fincipals represent;ng more than 1,600 schools in all 50 states.

4) is quality - it provides new national norms for the achievement
ests used, based on an unpreceden+ad school cooperation rate
f ovfr 90 percent and a sample more nearly representative of
hildren enrolled in public and private elementary
chools than ever before achieved.

The reanalysis of the Anchor Test Study data by Rasch Model techniques

is the first in a potential series of studies-that will utilize the

Anchor Test Study. datapseirr-aii attempt to extend our knowledge about

test equating in general. ,If, for example, it can be shown that Rasch

Model procedures can be used to equate tests like those used in the

Anchor Test St4dy, then considerable savings might be realized in future

13



equating efforts. Extensive data collection activities, elaborate

sampling plans and sophisticated analyses are expensive to execute,

yet these are the very elements for which the Anchor Study should be

credited. Unfortunately, the merits of the Anchor Test Study are also'

the features that make such a study impractical for most organizations.

Of more specific interest here is the issue of whether or not Rasch

Model methods can be used with existing tests for test equating purposes,

In theory, equating with the Rasch Model is a simple and straightforward

concept, requiring only that student performance on both tests to be

equated can be reasonably described by the Rasch Model. Thus, an

important aspect,of this study is, the degree to which the tests used can

be considered to satisfy those conditions that allow appropriate use

of the Rasch Model. The issues of model-data fit are not simple. Compared .

with the mechanics of item and test calibration and test equating, the
11.

procedures for evaluating fit are much more elusive.

It seems quite clear at present that tests can be constructed to

the specifications of the Rasch Model. It is not at all clear what the

limits of utility are for existing, intact tests when those tests are

analyzed by Rasch Model procedures. Inother words, to what extent

will the consequences of the model be achieved under conditions of less

than ideal correspondence with model specifications?

1.3 The Data Base

The data that were used in this study were collected specifically

for the Equating Phase of the Anchor Test Study. The purpose of the

Anchor Test Study was to provide a method for translation of a score on

one of seven widely used standardized reading tests to a score on any

14,
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of the other 4sts.
3

The United
\
States Office of Education (USOE) initially determined

.

seven of'the more frequently used reading achievement tests appropriate

for grades 4, 5, and 6. Two forms of each test were chosen, a primary

form (the one most frequently used) and its secondary (alternate) form.

Each reading test could he divided into a vocabulary subtest and a

comprehension subtest. Equating was independently performed for each

subtest and the total test at each of the three grade levels. This

required the administration of appropriate pairs of reading achievement

tests to fourth, fifth, and sixth grade students randomly selected from

public and non-public schools in the United States.

In the study reported here, the seven tests were considered as

twenty=eight tests by separating them into their various forms and

,

levels. (The test batteries and the various forms and levels are shown

in Table 1.3.1.) In this scheme of data organization, the particular

grade(s),,in which a test was administered was disregarded. With STEP,

having only one level, ITBS having three levels, and the other five

batteries having two levels, there are fourteen primary and secondary

forms that can be identified. Thus, the Rasch Study results are presented

with each of the fourteen primary forms used as a base test with its

secondary form and the other thirteen primary forms being equated to it.

Therefore, only fourteen equating tables are necessary, each showing the

3 After the inception of the study herein reported, an eighth test

was added to the ATS data base; that test was not available at the time

this study,was begun and has not been inclbded here.

15



TABLE 1.3.1

Data Set Numbers, Test Description Codes, and

Number of Items.

DSN No.

Test Description Codes

Grade

Number of Items

Test Name Form Level Vocabulary Comprehension

01 CAT A 3 4,5 40 42
02' CAT B 3 4,5 40 42
03 CAT A 4 6 40 45
04 CAT B 4 6 .40 45

05 CTBS Q 2 4,5 40 45

06 CTBS R 2 4,5 40 45

07 CTBS Q
_

3 6 40 45

08 CTBS R 3 6 40 45

09 ITBS 5 10 4 38 ., 68

10 ITBS 6 10 4 38 68

11 ITBS .5 11 5 43 74

12 ITBS . 6 11 5 43 74

13 , ITBS 5 ? 12 6 46 76

14 ITBS 6 12 6 , ,46 76

15 MAT F ELE. 4 50 45

16 MAT G ELE. 4 , 50 45

17 MAT F INT. 5,6 50 45

18 MAT G INT. 5,6 50 45

19 STEP II 4 4;5,6 30 30

20 STEP II 4 4,5,6 30 30

( 21 SRA E BLUE 4,5 42 48

22 SRA F BLUE 4,5 42 48

23 SRA E GREEN 6 ,42 48

24 SRA F GREEN 6 42 48

25 SAT W INT. I 4 38 60

26 SAT X INT. I 4 38 60

27 SAT W INT. II 5,6 48 64

28' SAT X INT. II 5,6 48 64

* All items contain four alternatives except for items 35 through 42 in CAT Level
3 Form A and CAT Level 3 Form J3 and items 35 through 45 in CAT Level 4 Form A

and CAT Level: 4 Form B, which contain five.

16
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raw scores for the, base test plus the equated raw scores for its

secondary form and the primary forms of the other thirteen tests.

The target population of subjects for the ATS was all fourth, fifth,

and sixth grade students in the United States who would not be limited

in taking the tests because!, of a physical or mental handicap or who did

not know English; therefore, a Sampling Phase was necessary to establish

a national probability sample of grades 4, 5, and 6 to establish equating

relationships among the seven tests.

The Rasch Study required a reorganization of the data base that was

used for the ATS. 'Two methqds of grouping data comprised the project

organization with all data grouped without regard to the grade of the

examinees. First, a Basic File was created by grouping together all

test data fora single test diSiTgarding both pairing and order of

administration. This created 28 subfiles in the Basic File. This file

Was used in the test calibration phase of the project, for item analysis,

and to study the model andlts fit.

The second file, the/Paired File, was created by grouping all

independent test pairs wihout regard to the grade of the students.

This grouping method yielded 136 subfiles of independent test pairs

as is shown by the sample sizes in Table 1.3,2. Each entry in this

. design matrix represents that particular test paiii identified by the

row and column index "DSN" (data seenumber). The row index identifies

the test administered first in the sequence. Notice that all indexes

are odd numbers. This was a processing convenience since there was some

advantage to keeping a test's primary and secondary form together in the

organizational sequence. Whenever the test was administered with its

,alternate (secondary) form, it appears on the diagonal, which shorts two

17



TABLE 1.3.2

SAKPLE SIZES FOR THE CELLS IN THE EQUATING DESIGN. MATRIX

a

DSN

10. 01 03. 05 07 09 11 13 15 17 19 21 23 25 27

02,

03

1879
1935 198 6 775 821 943 940 1352 1435 729 800

990
1 048 836 832 696 723 821.936

05 1831 171 6
608 736 677 595 1842 1642 831 699

1573

.4.-

7 33
07 804 815 628 699 857 927 782

09 682 697
1041 752 680 623 823
1054

11 678 626 13, 14 750 606 641 347
1081

13 644 700 1131
1047

592 612 889 875

15 948 614 717
844 921 871 719
77 5

17 954 911 654 707 784 641
1691 1964 913 889 1431
1.561

,

19 1492 693 168 5 775 550 665 638 986 1855
2425
2225 1461 1068 687 1397

21 1429 1658 616 747, 915 805 1668 1732 808 819
1538

23 774 948 971 952 912
705
762

812

25 876 756 916 584 789 754
631
630

27 908 836 799 709 819 904 1241 1622 870 969
2331
1472

18
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sample sizes. These numbers distinguish between the order of administra-

tion of primary and secondary forms. The first number is the sample

size for the primary form administered first the second number is for the

primary form administered second. The Paired File was used to estimate

the equating constants (see Chapter 3) and to study model-data fit,

1.4 A Frame of Reference for the Rasch Model

Georg Rasch (1960) proposed several models for achievement measures.

We are concerned with only his "simple item analysis model" which is

appropriate for a measure composed of a set of questions, scored correct

or incorrect. \N,

Rasch (1973) proposed that als1 measurement be constructed with a

specific "frame of reference." That is, one should cqrefully consider
d

the population of persons to be measured (what Wright calls the

"target") and the domain of tasks that defined the trait to be assessed.

Rasch (1966) proposed that one should create measurements such that

comparisons of persons in the target population or comparisons of tasks

in the task domain should be invariant with respect to the sPecific,

sample of tasks or persons that one observes. This invariance property

was called "specific objectivity's to show that the invariance is limited

to the specific frameof reference. His work led to an important

,conclusicn; namely, that there exists one model for'tests that is both

necessary and sufficient for yielding specific ..objectivity. (Rasch, 1966;

Schmidt, 1970).

There are only two sets of parameters in the model--one for persons

(abilities) and one for items leasiness). The introduction of other

parameters will lead to other models and; thus, potentially to a loss of

19
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specific objectivity.

Let a particular persoh be characterized by an ability parameter

.

E and a particular item D characterized by an easiness parameter e.

Then the odds for the person responding correctly to the item is Ee.

This is the simplest form of the model. It can be rewritten as the

probability statement Ec/(1 + Ee).

If one considers all persons, tha is, if E is considered a variable,

then the simple model is a model for the item characteristic curve of

the item. There are several well -known models for item characteristic

curves. Specifically, the normal ogi /e aid the logistic function are

often used, wherein there are two or -acre item parameters (easiness,

discrimination; and guessing parameters). For example, see Lord and

Novick (1968) for a review of normal ogiv and logistic function models.

It can be shown that Rasch's simple model is a logistic function with

only item parameter, the easines parameter. Thus, the literature on

item characteristic curves is r levaiittb the study of Rasch's Model.

The estimation of the twd, sr..ts of parameters in the Rasch Model is

called "test calibration". Test calibration consists of obtaining two

,,, .... _ .. .

sets of information. One is the easiness estiffate-Cli-all-itemshe - J

1---""

second-is-a table giving an ability estimate corresponding to each cjt

possible raw score. A procedure for obtaining these estimates is the

unconditional maximum lijcelihood procedure. The maximunilikelihood

estimates are generated by MESAMAX, a computer program based on a

paper by Wright and Panchapakesan 0969Y. Volume II of this report

gives the ,calibrations for items and abilities for all tests. Volume

II also presents for comparison some traditicnal item analyses results.

20



The model and its properties are presented mere fully in Chapter 2.

There, it is shown how the model leads to test construction gUidelines

and to guidelines for assessing the degree to which/the model, is

approp5*e.for vartoussett-of'data.

21
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Chapter 2

Evaluating Fit To'The Rasch Model

The issue of whether,or not a particular test fits the Rasch Model

is basic to the utility of the model and the attainment of the consequences

which the model propises to achieve. The problem of model fit is not at
o

all simple. The concept of testing or evaluating fit almost always implies

the examination of some appropriate set of data. Part of the problem

of evaluating fit is determining which data are\appropriate for use in

the evaluation process. Should one deal with the fit of each individual

'item or the test,as a whole? Does a small propo\rtion of nonfitting items

prohibit the use of the model for a particular test? How much misbehavior

in the data will the model tolerate? Each of thebe 'questions implies

some concern for evaluating model-data fit.

2.1 The Problem of Model-Data Fit

It is the thesis here that there exists two rather funaameqally

,different types of, applications of the Basch Model that call for corres-
-.

pondingly different concepts of model-data fit. The two types of

applications will be called test construction and test analysis and the

corresponding concepts of fit will be referred to as item fit for the

former situation and test fit for the latter. The purpose of this

chapter is to define these..application situations and their respective

concepts of fit, and to illustrate the notion of test fit by,,applying

its principles to the reading achievement tests.

12
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The primary difference between the situations referred to as test

construction and test analysis is the freedom to manipulate the teit at

the item level. In the case.of test construction, the Rasch Model can

be used as-a guldei-or blueprint,_for_the selection of those items that

will compose the test. The attention of the test maker is on developing

or finding a set of items that in some acceptable sense can be said to fit'

the model. The test maker has the freedom at this item analysis juncture

of his task to discard poorly fitting items, retain good items, and Modify

other items as needed. Thus, for this application, indicators of model-

datafit are necessary for items, the presumption being that the final

collection of items will include only those that meet whatever' criteria

for fit might be established:

In the situation called test analysis, the particular collection of

test items is fixed. There is no freedom to discard poor items. Rather,

the objective in this case is to derive whatever benefits the model is

robust enough.to provide under potentially less than ideal item fit

conditions. The chancet, are quite jbod that some proportion of items in

-the given test would not have met a criterion for-,fit" had the items

been eveluated,during test construction. The extent to which items

defined as nonfjtting, on the basis of item fit indicators, can be

allowed to contaminate a collection of fitting items ii,.of course, a

matter for investigation. The fact that the model has been shown to be

robust (i.e., the model tolerates some leniency with respect to strict

adherence to its assumptions) when some poor fitting items were present

(Panchapakesan, 1969, C. Rentz,.1975), lends credence to the notion that

the area of test analysis might be a fruitful area to explore. This is ,

precisely the situation that' gave rise to the investigation on which we

23
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are now reporting.

Georg Rasch (1966) proposed what he calls the simple item analysis

model as a way of achieving a desirable measurement Principle called

specific objectivity. Rasch has more formally defined specific objectivity

as "... whenever the comparison of any two parameters within the same set

may be carried out in such a way that it (the comparison) is unaffected

by all other unknown parameters in the system ... the comparison is

characterized as 'specifically objective'." One7implicatibn of this

principle, for example, is that -.the difference between the parameters

of any two items is invariant with respect to the particular ability

parameters of a particular sample. This ,has the same implication as

Wright's (1968) phrase "sample free item calibration."

Actually, specific objectivity is an integral and formal part of

Rasch's model when the model is stated in the general form of the °

hypothetical or IF-THEN statement, where the IF-clause represents

assumptions and the THEN-clause specifies the consequences. Figure 2.1.1

symbolizes this structure and shows the formal relationship between

Rasch's (1966) three assumptions and specifice objectivity as the

consequence.

It is interesting to note that many writers represent the Rasch

Model by reference to assumptions 1 and 2, while our own preference is
O

fon representation based on the entire structure. The advantage of such

a representation is that it permits some clarity to be introduced into

such questions as: What are the assumptions of the model? What are its

consequences? And, what is the difference between these and deductions

derived from them? For example, conditions that are commonly identified

as necessary for model fit are unidimensionality of the trait being

24
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Figure 2.1.1: Rasch's Item Analysis Model

xij

4111....11/....+.10110101.11

1. ..

1 + k1.
J
.

IF

2. A.. = .e .

IJ EJ I

, THEN specific
objectivity

3. stochastic independence

The three assumptions, only symbolized above, may be stated more

fully as follows (adapted fram Rasch, 1966;-pg:-'50),.z.

1. To- each situation in which a person j = 1, 2 ... n) is to
answer. an item i (i = 1, 2 ... m) there is a corresponding
probability of a correct answer (X

ij
= 1) which may be written

1) > 0)

2. The situation parameter A..
1J

is de product of two factors,

X.. = .cI .

IJ
jci

where E. pertains to the person and ci to the item; these

parameters have been called respectively item easiness and

person ability.

3. Given the values of the parameters, all answers are stochasti-

cally independent.

25
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measured,.eqUal item discriminations, and the absence of guessfng. These

conditions are not assumptions, but they can be easily deduced from the

assumptions. For example, since assumption 2 specifies only one item

parameter and one persOn parameter,it is clear that "variation" in any

Other characteriSticof either items or persons can not be permitted.

Thus, some of those traditional constructs such as item discrimination

and guessing have not been parameterized. It is perhaps more proper

to identify these and other such deductions from\the assumptions as

antecedent conditions, since they are derived from the antecedent clause

of the logical if-theR statement.

Similarly, it is ppssible to deduce A-om the model's consequence

,

component, that ,is, specific oblectivity, certain other conditions

variously referred to as implications, o..A.comes, and consequences,,, such

as Wright's phrase "sample free item calibration." All such logical

deductions from the model's consequences will be referred to as

consequent conditions, for .easons*correonding to those previously

stated, since they are derived from ,the consequence clause.

The differences between the model's assumptions and consequences

end the conditions which they imply is that both the antecedent and

consequenCcondittons are data related; they enable us to translate

the formal statement o-'`-the model into constructs that are a bit more

operational. These conditions are operational whereas the model and its

elements are merely psychometric symbOl's. Evaluation of model-data fit

must deal at the level of' the antecedent and consequent conditions since

it is at this level that ,data can be mustered for the evaluation. A

difference between the model's assum:,tions and its consequences is that

the assumptions deal with items and the consequences imply sets "of,,

26
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items or teats. Thus, antecedent conditions are most likely to lead to

indicators of item fit; whereas, consequent conditions might be most

useful in describing test fit.
, -

These relationships lead to one way of defining item and test fit.

Item fit can be defined as the extent to which items can be characterized

according to those antecedent conditicipS derived from the model's

P assumptions. Test fit can be defined as the extent to which the test
r.

achieves those consequences specifiable from the.concept of specific

objectivity.

Test fit might also be defined as the extent to which the test

Contains fitting items, for: example, in terms of a proportion of items-

that fit the model, using some specified criterion of-item fit. Thus,

two general approaches to the concept of test fit seem to be attractive;

the first based On the test's achieving specified consequent conditions

and the second based"on the test's item composition. It might well turn

out that different, methods of evaluatjng fit will be called for depending

on the pirticular problem area application. Yet, scientifically we ought

to expect some degree of convergenc. among the different ways of examining

presumably the same thing. Thus, tpis issue is examined to some extent

in the present work.

In the present project we have taken the position that the consequent

condition approach to test fit is the-most relevant consequence for equating.

The specific consequent condition is the stability of Rasch abili

parameter estimates. The ability parameters of the model are supposed

to be invariant with respect to any other person parameters. Consequently,

an examination of this consequent condition should help us evaluate that

aspect of the degree of model-data fit that is most relvant 'and, as

2 7
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such, provide information on theusefulneSs of the model for equating

those reading tests in the present sample.

Our definition of equating involves only the raw scores and those

ability values estimated for them. Thus, given a common scale and as
6

long as the values in the "scoring table" (i:e., the set of all raw score

and ability estimates) remain constant for two tests, the equating results

cannot vary. This means that systematic variation in calibration condi-

tions (such as race, sex, grade) is inconsequential as limy as "scoring

tables" remain invariant.
4

This invariance or s,tabiltty of ability

estimates is the most direct measure of the Model's usefulness for

equating; however, an examination of item stability as well as examina-

tion of certain antecedent conditions should also provide useful infor-

mation to eval' :ate model-data fit.

2.2, ,Stability of Parameter Estimates

In order-to study how various factors influence the stability of

estimates-Yit_is necessary to define a measure of stability that can be

compared across different tests and across different analyses of the

same test. The word "stability" implies that a set of estimates of the
A

same parameter (i.e., for a single item or single raw score) will be

invariant over repeated observations. ,The ordinary standard deviation

.\
can be used as a measure of this invariance.. Specifically, whenever

4 There are applications where item stability would be significantly

more important. One such application is tailored testing, in which there
is an attempt to match items to people, and since misfit affects the

stability of items, more than it does the abilitie , a higher degree

of fit would be required than that necessary for ap lications requiring

only stable ability estimates.

28
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we have multiple occasions to estimate an item parameter, the standard

deviation of the distribution of estimates can be used to describe the

stability of that item's estimate, If we want to Stimmarize stability for
0

a test, with respect to the items, then the average of these standard

deviations will do quite well. Similar procedures can be used for the

ability estimates. This average of standard deviations we will call a

"stability index" and Jse it as a measure of invariance throughout this

report. The index takes low values when stability in high and increases

as stability decreases. ,

It is useful,at this point to remind the reader that throughout this

study we have reported the parameter estimates in the natural log units

in which they are traditionally reported. Thus, both item easiness and

person ability are measured on a common scale; comparisons of the stability

of these estimates are consequently appropriate.

2.3 Stability as a Function of Sample Size

The purpose of this analysis was to determine the effect of sample

size on the stability 9f Rasch parameter estimates, This issue provides

a good point of departure for studies of stability since it provides some

information on the expected variability of the easiness and ability

parameter estimates, over random replication of samples of the same size,

with tests composed of items typical of those in the present project.

STEP vocabulary was used in this analysis since there were more

observations on it (N = 33, 123) than on any other test and those obser-

vations spanned all three grades. Fifteen random samples were drawn

from the STEP data file for each of four sample sizes: 500, 1000, 2,000,

4,000. Each of these sets of data were then analyzed byjthe MESAMAX item

29
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analysis program, and summary statistics'were compUled over the 15 repli-

cations of each sample size.

Table 2.3.1 through 2.3.5 show the results of this analysis for the

item easiness parameter estimates and Tables.2.3.5 througn 2.3.8 show the
4

results for the ability parameter estimates. Each table contains either

the item number or the score group number and the mean, standard deviation,

'maximum estimate, minimum estimate, and range computed over the 15 repli-

cations of that particular sample size.

' Of pal jcular interest is the standard deviations listed in these

tables. Tht., provide an index of the stability of a particular parameter

estimate and ,,an be compared across analyses. In general the results

show that the stebiltty measures improve with sample size. Table 2.3.9

provides this comparison in summary form. It shows the mean of these

"stability. ndexes" (standard deviations) computed over the 30 items and

;

29 score'Roups.

Table 2,\ 1. shows that the ability estimates are more stable than

the item easine estimates. There is some tendency for the stability

of the ability estimates to get better with increasgs in the size of the

calibrating sample: The fact that easiness estimates are more sensitive

to different sample sizes than are ability estimates is not unexpected

nor mysterious. The basic observation for estimating easiness is,

the proportion answering the item correct, a number whose accuracy depends

directly on the sample size. The stability of ability estimates depends

on both the item easiness estimates and the number of items. Thus the

extent of sample size influence on ab:lity estimates is limited by its

influence on item easiness. Furthermore the influence of item easiness

variability tends to attenuate as the number of items become greater:

`)t.) 0
",?
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TABLE 2.3.1,

Stability of Item Parameter Estimates

as a Function of Sam1e Size (N=500)

ITEM NO 'MEAN S.D. MAXIMUM MINIMUM RANGE

1 1.7218 0.1887 2.0320 1.4420 r 0.5900
2 2.3183 0.1484 2.5450 1.9780 0.5670
3 2.0204 0.1289 2.2290 1:7550 0.4740
4 1.3085 0.1452 1.5340 1.0060 0.528Q
5 1.5041 0.1648 1.8790 1.2580 0.6210
6 1.1445 0.1174 1.346Q 0.9270 0.4190
7 . 1.7083 0.1200 1.9030 1.4620 .0.4410'
8- 1.3096 0.1185 1.5290 1.1420 0.3870
9 1.3311 0.1577 1.5300 0.9790 0.5510
10 0.1499 0.0982 Li 0.3280 0.0410 0.2870
11 0.0549 0.1167 0.2380 -0.1290 0.3670
12 0.5691 0.0867 0.7180 0.4410 0.2770
13 -0.8094 0.1197 1.0030 0.5790 0.4240
14 0.4660 0.1327 0.6470 0.2270 0.4200
15 0.2786 0.14'63 0.5210 -0.0200 0.5410
16 0.0228 0.1241 0.2400 -0.1730 0.4130
17 0.5767 0.1284 0.7660 0.2550 0.5110
18 -0.1393 0.1561 0.1980 -0:3420 0.540Q
19 -0.0598 0.0861 0.0540 -0.2140 0.2680
20 -1.6046 0.0682 -1.4910 -1.6890 0.1980
21 -1.4297 0.0742 -1.2720 -1.5410 0.2690
22' -0.8953 0.0937 -0.7390 -1.0620 0.3230
23 -0.5511 0.0834 -0.4520 -0.6910 0.2390
24 -1.5515 0.1411 -1.2360 -1.7670 0.5310
25 -1.6381 0,0961 -1.5070 -1.8120 0.3050
26 - 0.8983 0.0741 -0.7260 -1.0060 0.2800
27 4.9275 0.1410 -1.6200 -2.2230 0.6030
28 -1.9412 0.1040 -1.8080 -2.1730 0.3650
29 -2.4157 0.1177 -2.2320 -2.7080 0.4760
30 -2.2405 0.1404 -2.0450 - 2.5720
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TABLE 2.3.2

Stability of Item Parameter Estimates

as a Function of Sample Size (N=loop

MEAN

22

' S.D. MAXIMUM MINIMUM RANGE

1 1.7691 / 0.0922 1.9200 1.6360' 0.2840
2 2.3377 0.1220 2.5700 2.1330 0.4370

3 / 2.0643 0.1352 '2.2620 1.7630 -0.4990

4 1.2292/ 0.0981 1.4090 1.0640 0.3450

5 1.5169/ 0.1110 1.8130 1.3650 0.4480

6 1.1358 0.0865 1.3330 0.9780 0.3550

7 1.735 0.1305 1.9540 1.5580 0.3960

8 1.2961 0.0672 1.4290 1:1750 0.2540

9 1.3073 0.0928 1.4240 1.1420 0.2820

10 0.0842 0.0966 0.2080, -0.1720 0.3800

11 0.07141 0.0801 0.1970 -0.0740 0.2710

12 0.5735 0.0921 0.7030 0.4220 0.2810

13 '0.84.33 0.0652 0.9610 0.7640 0.1970

14 0.5171 0.1004 0.7110 0.3010 0.4100

15 0.2355 0.0683 0.3810 0.0890 0.2920

16 -0.0417 0.1016 0.1900 -0.2100 , 0.4000

17 0.5210 0.0842 0.6940 0.3830 0.3110

18 -01030 0.0593 -0.0120 - 0.2220 0.2100

19 -0!\0517 0.0860 0.0400 -0.2820 0.3220

20 -1.6085 0.1030 -1.4360 -1.8110 0.3750

21 -1.4496 0.0823 -1.2830 -1.5380 0.2550

22 -0.9125 0.0847 -0.7930 -1.0470 0.2540

23 -0.565 0.1032 -0.3060 -0.7110 0.4050

24 -1.'4 7 0.0609 -1.4190 -1.6300 0.2110

25 -1.6020 0.0877 -1.4760 -1.7810 0.3050

26 -0.9130 0.0741 -0.7460 -1.0000 0.2540

27 -1.9228 0.0403 -1.8300, -1.9970 0.1670

28 -1.8934 0.0498 -1.8180 -1.9700 0.1520

29 -2.4455 0.1054 -2.3150 -2.7160 0.4010

30 -2.2469 0.1023 -2.0470 -2.4150 0.3680

ti
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TABLE 2.3.3

Stability of Item Parameter Estimates

as a Function of Sample Sile.(N=2000)

ITEM NO MEAN S.D. MAXIMUM MINIMUM RANGE

1 1.7570 0.0663 1.9140 1.6570 0.2570

2 2.3178 0.0791 2.5220 2.2030 0.3190

3 2.0306 0.0774 2.1250 1.8560 0.2690

4 1.2369 0.0726 1.3400 1.0740 0.2660

5 1.5086 0.0814 1.6420 1.3550 0.2870

6 1.1482 0.0614 1.2350 1.0100 0.2250

7 1.7115 0.0720 1.8450 1.5810 0.2640

8 1.2905 0.0643 1.3920 1.1730 0.2190

9 1.3118 0.0619 1.4190'' 1.2020 0.2170

10 0.1226 0.0543 0.1970 0.0040 0.1930

11 0.0810 0.0542 0.1490 -0.0170 0.1660

12 0.5531 0.0644 0.7030 0.4160 0.2870

13 0.8519 0.0669 0.9600 0.7470 0.2130

14 0.5167 0.0551 0.5910 0.3910 0.2000

15 0.2407 0.0556 0.3740 0.1420 0.2320

16 -0,0443 0.0467 0.0560 -0.1180 0.1740

17 0.5290 0.0510 0.6480 0.4460 0.2020

18 -0.1118 0.0723 0.0300 -0.2860 0.3160

19 -0.0317 0.0517 0.0300 -0.1540 0.1840

20 -1.5915 0.0627 -1.4400 -1.6890 0.2490

21 -1.4457 0.0678 -1.3020 -1.5390 0.2370

22 -0.9170 0.0517 -0.8230 -0.9920 0.1690

23 -0.5321 0.0688 '-0.4250 -0.6330 0.2080

24 -1.5295 0.0638 -1.4070 -1.6400 0.2330

25 -1.6088 0.0504 -1.4800 -1.7090 0.2290

26 - -0.9016 0.0551 -0.7820 -1.0010 0.2190

27 -1.9362 0.0599 -1.8180' -2.0390 0.2210

28 -1.8965 0.0490 -1.7890 -1.9750 0.1860

29 -2.4223 0.0670 -2.3450 -2.6110 0.2660

30 -2.2390 0.0648 ,-2.1440 -2.3880 _0.2440
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TABLE 2.3.4

Stability o0Item Parameter Estimates

a'Punction of Sample Size (N=4000)

ITEM NO MEAN . S:D.

.

MAXIMUM MINIMUM RANGE

1 1.7510 0.0535 1.8360 1.6280 0.2080

, 2 2.3279 0.0971 2.5200 2.1860 0.3340

3 2.0340 0.0569 2.1470 1.9150 0.2320

4 1.2581 0.0697 1.4910 1.1890 0.3020

5 1.5039 0.0393 1.5950 1.4370 0.1580

6 1.1564 0.0522 1.2580 1.0790 0.1790

7 1.7319 0.0733 1.9690 1.6500 0.3190

8 1.3023 0.0399- 1.3980 1.2260 0.1720

9 1.3083 0.0592 1.4040 1.2210 0.1830

10 0.1356' 0.0464 0.2260 - 0.0580 0.1680

11 0.0745 0.0581 0.1320 -6.0450 0.1770

12 0.5723 0.,0488 0.7030 0.5130 :0.1900

13 0.8583 0.0592 1.0190 0.7750 0.2440

14 0.5324 0.0762 0.7430 0.4380 0.3050

15 0.2321 0.0417 0.2870 0.1300 0.1570

16 -0.0439 0.0468 0.0570 -0.1200 0.1770

17 0.5401 0.0649 0.7280 0.4640 0.2640

18 -0.1120 0.0465 -0.0260 -0.1980 0.1720

19 - 0.0435 0.0363 0.6280 -0.1190 0.1470

20 -1.6046 0.0579 -1.5250 -1.7430 0.2180

21 -1.4405 0.0211 -1.3950 -1.4770 0.0820

22 -0.9089 0.0467 -0.8460 -1.0290 0.1830

23 -0.5311 0.0436 -0.4520 - 056390 0.1870

24 -1.5406 0.0494 -1.4700 -1.6940 0.2240

25 -1.6173 0.0478 - 1.5450 -1.7330 0.1880

26 -0.9,085 0.0385 -0.8510' -0.900 0.1380

27 -1.9412 0.0932 -1.8050 -2.2060 0.4010

28 -1.9111 0.0383 -1.8690 -1.9900 0.1210

29 -2.4565 , 0.0830 -2.3700 -2,7170 0.3470

30 -2.2594 0.0586 -2.1750 -2.4200 0.2450

34
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TABLE 2.3.5,

Stability of Ability Parameter EstimateS

as a Function of Sample Size (N=500)

SCORE GROUP MEAN S.D. MAXIMUM MINIMUM RANGE

1 -4.0903 0.042,1 -3.9880 4.1470 0.1590
2 -3.3171 0.0388 -3:2240 -3.3680 0.1440
'3 -2.8299 0.0357 -2.7450 -2.8760 0.1310
4 -2.4587 0.0328 -2.3820 -2.5000 0.1180
5 -2.1499 0.0297 -2.0810 -2.1870 0.1060
6 -1.8796 0.0266 -1.8190 -1.9120 0.0930
7 -1.6350 0.0239 -1.5820 -1.6630 0.0810
8 -1.4085 0.0211 -1.3630 -1.4330 0.0700
9 71.1949 0.0184 -1.1560 -1.2150 0.0590

10 -0.9901 , 0.0158 -0.9590 -1.0070 0.0480
11 -0.7923 0.0133 -0.7680 -0.8090 0.0410
12 -0.5991 0.0111 -0.5800 -0.6150 0.0350

r 13 -0.4085 0.0092 -0.3930 -0.4240 0.0310
14 -0.Z193 0.0078 -0.2060 -0.2340 0.0280
15 -0.0304 0.(1073 -0.0200 -0.0440 0.0240
16 0.1597 0.0078 0.1730 '0.1480 0.0250
17 0.3521 0.0091 0.3680 0.3360 0.0320
18 0.5481 0.0110 0.5660 0.5250 0.0410
19 0.7487 0.0133 0.7690 0.3190 0.0500
20 0.9556 0.0159 0,9780 0.9190 0.0590
21 1.1707 0.0185 1.1960 1.1280 '0.0680
22 1.3963 0.0214 1,4250 1.3470 0.0780
23 1.6353 0.0242 1.6660 1.5800 0.0860
24 1.8929 0.0273 1.9260 1.8310 0.0950
25 2.1762 0.0302 2,2110 2.1090 0.1020
26 ,2.4981 0.0333 2.5350 2.4250 0.1100
27 2.8819 0.0367 2.9250 2.8030 0.1220
28 3.3809 0.0399 3.4320 3.2970 0.1350
29 4.1649 0.0434 4.2250 4.0760 0.1490

N.!
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TABLE 2.3.6
1)

Stability of Ability Parameter Estimates

as a Function of Sample Size (N=1000)

SCORE GROUP MEAN S.D. MAXIMUM MINIMUM RANGE
,

1 -4.0946 0.0308 -4.0160 -4.1390 0.1230
2 -3.3205 0.0279 -3.2490 -3.3600 0.1110
3 -2.8323 0.0252 -2.7670 -2'.8670 '0.1000
4 -2.4601 0.0224 -2.4010 -2.4900 0.0890
5 -2.1505 0.0200 -2.0970 -2.1760 0.0790
6 -1.8796 0.0176 -1.8320 -1.9030 0.0710
7 -1.6344 0.0152 -1.5930 -1.6560 0.0630
8 -1.4073 0.01)3 -1.3710 -1.4280 0.05/0
9 -1.1933 0.0111 -1.1630 -1.2120 0.0490

10 -0.9884 0.0094 -0.9630 -1.0050 0.0420
Il -0.7903 0.0078 -0,7710 -0.8060 0.0350
12 -0.5988' 0.0066 -0.5820 -0.6100 0.0280
13 -0.4063 0.0060. -0.3970 -0.4180 0.0210

14 -0.2170 0.0058 -0.2060 -0.2270 0.0210

15 -0.0282 0.0059 -0.0170 -0.0370 0.0200

16 0.1618 0.0066 0.1740 0.1530 0.0210

17 0.3541 0.0077 0.3670 0.3420 0.0250

18 0.5496 0.0087 0.5640 0.5320 0.0320

19 0.7500 0.0100 0.7660 0.-7270 0.0390

20 0.9567 0.0112 0.9740 0.9290 0.0450

21 1.1713 0.0127 1.1900 1.1380 0.0520

22 1.3964 0.0144 1.4160 1.3580 0.0580

23 1.6351 0.0161 1.6560 1.5910 0.0650

24 1.8921 0.0179 1.9180 1.8430 0.0750
25 2.1752 0.0198 2.2060 2.1210 0.0850

26 2.4967 0.0217 2.5330 2.4380 0.0950

27 2.8803 0.0236 2.9220 2.8180 0.1040

28 3.3791 0.0256 3.4260 3.3130 0.1130

29 4.1633 0.0278 4.2160 4.0940 0.1220

)
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TABLE 2.3.7

Stability of Ability Parameter Estimates

as a Function of Sample Size (N=2000)

SCORE GROUP MEAN S.D. MAXIMUM MINIMUM RANGE

1 -4.0838 0:0191 -4.0550 -4.1200 0.0650
2 -3.3111 0.0178 -3.2850 -3.3450 0.0606
3 -2.8241 0.0164' -2.8000 -2.8550 0.0550
4 -2.4531 0.0154 -2.4310 -2.4810 0.0500
5 -2.1446 0.0140 -2.1240 -2.1710 0.0470
6 -1.8749 0.0127 -1.8560 -1.9000 0.0440
7 -1.6306 0.0113 -1.6140 -1.6540 6,0400
8 -1.4043 0.0099 -1.3900 -1.4260 0,0360
9 -1.1911 0,0087 -1.1780 -1.2110 0,0330

10 -0.9870 6:0076 -0.9760 -1.0050 0.0290
11 -0.7896 0.0065 -0.7800 -0.8050 0.0250
12 -0.5968 0.0056 -0.5890 -0.6100 0.0210
13 - 0.4067. 0.0048 -0.3990 -0.4170 0.0180
14 -0.2182 0.0046 -0.2100 -0.2260 0.0160
15 -0.0297 0.0047 -0.0220 -0.0380 0.0160

16 0.1599 0.0051 0.1680 0.1510 0.0170
17 0.3517 0.0055 a.36ro 0.3430 0.0380
18 n.5L70 0.0063 0.5580 0.5370 0.0210
19 0.7470 0.0072 0.7600 0.7160 0.0240

20 0.9532 0.0083 0.9680 0.9410 0.0270
21 1.1677 0.0094 1.1840 1.1550 0.0290

12 1.3925 0.0107 1.4120 1.3783 0.0340

23 1.6308 0.0116 1.6540 1.6140 0.0400

24 1.8877 0.0130 1.9150 1.8680 0.0470

25 2.1705 0.0140 2.2010 2.1490 0.0520

26 2.4915 0.0150 2.5250 2.4670 0.0580

27 2.8746 0.0161 2.911Q 2.8480 0.0630

28 3.3732 0.0169 3.1120 3.3440 0.0680

29 4.1567 0.0179 4.1980 4.1260 0,0720
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TABLE 2.3':8

Stability of Ability Parameter Estimates

as a Function of Sample_Size (N=4000)

SCORE GROUP MEAN S.D. MAXIMUM MINIMUM RANGE

1 -4.0893 0.0251 -4.0590 -4.1640 '0.1050
2 -3.3164 0.0235 -3.2910 -3.3890 0.0980
3 -2.8293 0.0221 -2.8080 -2.9000 0.0920
4 -2.4583 0.0211'. -2.5270 0.0870
5 -2.1497 0.0201 -2.1330 -2.2170 0.0840
6 -1.8795 0.0190, -1.8640 -1.9440 0.0800
7 -1.6353 0.0181 -1.6200 -1.6970 0.0770
8 --1.4088 0.0170 -1.3950 -1.4670 0.0720
9 -1.1951 0.0159 -1.1820 -1.2500 0.0680

10 -0.9909 0.0145 -0.9790 -1.0410 0.0620
11 -0.7931 0.0133 -0.7820 -0.8390 0.0570
12 -0.5997 0.0117 -0.5910 -0.6400 0.0490
13 -0.4093 0.0099 -0.4020 -0.4430 0.0410
14 -0.2203 0.0081 -0.2140 -0.2470 0.0330
15 -0.0312 0.0062 -0.0250 -0.0500 0.0250
16 0.1589 0.0044 0.1650 0.1480 0.0170
17 0.3513 0.0035 0.3580 0.3450 0.0130
18 0.5473 0.0040 0.5550 0.5400 0.0150
19 0:7481 0.0063 0.7660 0.7400 0.0260
20 0.9552 0.0091 0.9840 0.9470 0.0370
21 1.1704 0.0120 1.2100 1.1600 0.0500
22 1.3959 0.0150 1.4460 1.3830 0.0630
23 1.6355 0.0182 1.6970 1.6200 0.0770
24 1.8931 0.0211 1.9650 1.8750 0.0900
25 2.1767 0.0244 2.2600 2.1560 0.1040
26 2.4987 0.0272 2.5920 2.4760 0.1160
27 2.8828 0.0304 2.9870 2.8580 0.1290
28 3.3823 0.0331 3.4960 3.3560 0.1400
29 4.1669 0.0358 4.2900 4.1400 0.1500

A
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TABLE 2.3.9

Average Stability Indexes for STEP II=Vocabulary for

Calibration Situations Differing as a Function of Sample Size

Sample Size

500 1000 2000 4000

Item Easiness .1206 .0890 .0623 .0548

Ability .Q229 .0155 .0109 .0168
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The consequence of the interplay-of these factUrtris the observed

difference between the stability of the easiness and ability estimates.

Even so, the amount of instability in the ability estimates is not

large, even for the case of N = 500. 4Some perspective on this can be
1/4

gained by examining Table 2.3.5 which shows the ability estimate results

for samples of size 500. Notice the maximums and minimums for adjacent

score groups. rf these values were upper and lower bounds for "confidenCe

intervals" they would not overlap, except in one or ,b cases,..

To elaborate on the issue of the amount of instability, another

comparison of interest is that involving the standard' error of the ability

estimate (error of measurement) associated with the 4aility parameters
"

(i. e., from the item analyses) and these stability indixes. The standard

error for the ability estimate corresponding to a raw score of 19 is

about .45 regardless of the particular sample size analysis, yet the

standard deviation of that estimate (score group 19, Table 2.3.5) is

.013 for samples of 500. In fact the range of estimates is only .05,

about 1/9 the size of the measurement error.

2.4 Stability over Occurrence in the Desi

Part,of the analyses requiremenkpecessary for this project was
4kc,7

to conduct separate item analysis of 19,gh test (vocabulary, comprehension,

total reading) whenever it occurred in' the design. As Table 1.3.2

shows there were 136 cells. in the design matrix. Since each cell

entry represents a pair of tests, one of which was administered first

(i.e., according to the row index DSN number), it is possible to summarize'

the estimates of each item and ability parameter over their various

occurrences in the design.

0
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For example CAT, Level 3, Form A was administered in 20 cells,

10 times as a first test and 10 times as a second test: Considering

the vocabulary subtest which has 40 items, the result is 20 estimates of

the 40 item parameters (and ability parameters) with each estimate computed

on a different sampli and administered in combination with a different

test. Thus, it is possible to study the stability of parameter

.
5

estimates over replications in the design with some deviation in sample

size, number of occurrences, test pair combinations' and order of

administration.

Appendix A contains Tables for each of the 14 primary form tests

for vocabulary as "first tests" and "secondary tests" separately. A

separate Table is`,-also presented for item and ability estimates. The

Tables contain means and. standard deviations over the "replications"

(occurrences).

Hprp,-like thp discussion of sample size, the standard deviation

listed in the Tables provide information on stability. These "stability

index" values are summarized in Table 2.4.1 and 2.4.2 for item easiness

and ability respectively. According to the rationale presented in

Section 2.1 on the importance of stability of parameter estimates, it

follows that the data presented here is probably the best measure of

the model-data fit consequences with which we are concerned.

It is interesting to observe that the value of the stability indexes

for ability can be approximated by dividing the item stability index

by the square root of the number of items in that test. This is rather

intriguing since it implies that the stability of ability estimates can

be increased by increasing the number of items (i.e., items like the ones

41



TABLE 2.4.1

Stability Indexes for Item Parameter Estimates for the 14 Primary

Forms when. the Tests were Administered First and Second

\

Test
Name

Vocabulary Comprehension

First Test Second Test First'Test Second Test

CAT 3-A .1190 .1296 .1055 .1199
CAT 4-A .0946 .1060 .0907 .0954
CTRS 2-Q .1304 .1408 .1127 .1070

CMS 3-Q .0983 .1233 .0852 .0962

ITBS 10-5 .1187 .1110 .1071 .1006

ITBS 11-5 .1467. .1038 .0903 .0905

ITBS 12-5 .1065 .1083 .0887 .0956

MAT E-F .1475 .1587 .1134 .1128

MAT I-F .1369 .1402 .1086 .1147

STEP 4-A .1401 .1375 .1297 .1084

SRA BL-E .1090 .1252 .1066 .1108

SRA GR-E .1165 .1224 .0940 .0802

SAT I-14 ..1195 .1265 .1072 .0948

SAT II-W .1440 .1430 .1081, .1048
s
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TABLE 2.4.2.

Stability Indexes for Ability Parameter Estimates for the 14 Primary

Forms when the Tests were Administered First and Second

Test

Name

Vocabulary

First Test

Comprehension

First Test Second Test Second Test

CAT 3-A .0218 .0191 .0278 .0347

CAT 4-A .0227 .0163 .0127 .0088

CTBS 2-Q . .0246 .0270 .0188 .0138

CTBS.3-0 .0105 .0216, .0086 .0065

ITBS 10-5 .0152 .0145 .0175 ,0161

ITBS 11-5 .0131 .0084. .0134 .0105

ITBS 12-5 .0144 .0165 .0060 -.0094-

MAT E-F

MAT I-F
...0374

.0283

.0442.

.0235

.0275

.0221

.0240

.0209

STEP 4-A .0389 .0308 .0105 ' .0112

STEP BL-E .0192. ..,-.0215 .0248 .0229

SRA GR-E .0174 .0255 .0100 .0061

SAT I-W .0204 .0256 .0229 .0179

SAT II-14 .0368 .0302 .0203 .0181

43
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already included). Such a relationship is' well known in test

theory, and is comfortable when it is once again observed. .

Another observation from the data in.Table 2.4.2 is that the tests

as a group are rather homecieneous with respect to these indexes. For

the ability estimates, of which we are,most directly concerned, the

stability indexes for a test average between .01 and .04 which we can

compare with the values obtained in the previous section.

2.5 Stability as a Function of Sample Composition

The two previous sections of this report have provided some indi-

cation of the degree of stability of the Rasch Model parameter estimates

over samples that can be considered more or less "random", or a least

nonsystematic. As such they provide information on the extent to which

these estimates can be expected to vary under "unselected sampling"

conditions. The rsults of those analyses showed that the parameter

estimates have a high degree of stability and this is especia!ly true

for ability estimates on which equating depends. This section describes

those anlayses which deal with stability of parameter estimates for

selected subgroups of individuals identifiable by certain characteristics.

In addition to item responses, the individual student's data record

contained codes'for him on several demographic type variables. Among

these were sex, race, IQ, grade, size of school sy.tem, and the schools'

estimated percentage of students on welfare. Table 2.5.1 shows these

variables, their codes and descriptions. This analysis, then, was

concerned with studying the stability of parameter estimates when the

samples used were homogeneous with respect to selected categories of

44



TABLE 2.5.1

Sample Composition Variables Codes and Descriptions

as Contained on the Anchor Test Study Data Tapes

Name

Sex

Race

IQ

Code Description

1 Boys

2 . Girls
,Blank Not indicated

1 Indian
2 Negro
3 Oriental
4 Spanish surnamed

5 White and others

Blank Not indicated
1 < 75
2 75-89

3 90-110
4 111-125
5 ,>125

Grade

Size*

% Welfare**

Not tested

4 Fourth

5 Fifth
6 Sixth

4 < 50

8 50-99

1007-19,9

22 '266-499

35 500:4199

70 ? 1200

None'
2 1-164

3 11-25%
4- 26-50%

5 51-75%
6 . 76-90%

35

* Measure of school system size in terms of enrollment in gra

4, 5, and 6.

** Estimate of percentage of family income provided'by ubiic

welfare.

4:5
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TABLE 2.5.2

Description of Simple Composition Analysis

Groups for STEP Vocabulary

Variable 2E9-1M Codes Used Sample Size

Sex Boys

Girls
1

2

16607

16516

Race Black 2 4759

Spanish 4 1540

White 5 26245

IQ Low 1,2 4254

Middle 3 . 10864

= High 4,5 8216

Grade 4 4 10865

5 5 11182

6 6 11076

Size Small 4,8,9 3432

Medium 22 20736

Large 35,70 8955"

% of P.W. 0% 1 3672

1-10% 2 18507

11-25% 3 5792

20-5Q% 4 4155

51-90% 5,6 997
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the above variables.

The study of sample composition was divided into two parts: (1) an

examination.of all six sample composition variables for One test, (2) an

examination of all primary form vocabulary tests on race and IQ. For

the first part STEP vocabulary was chosen because of its large sample

size (as mentioned in section 2.3). In each analysis, for each subgroup,

ability parameter estimates were obtained and plotted. Stability indexes

were also computed for the data corresponding to each of the plots.

Figures 2.5.1 through 2.5.6 (in Appendix B) show the results

of these analyses for STEP vocabulary on each of the six sample composi-

tion variables. Except perhaps for IQ the results of the other five

variables show practically identical ability parameter estimates.

Part two of this anlaysis involved examining each of the primary

form vocabulary tests, on Race.and IQ. Table 2.5.3 contains the sample

sizes used for each test and composition group. Following the analyses

to estimate, the parameters for each' calibration conditions, the ability

parameter estimates for each sample composition group on each test were

plotted to display the degree of invariance in the, parameter estimates.

These results are shown as Figures 2.5.7 through 2.5.32 in Appendix B

In addition to the plots the information on stability was summarized

in the form of stability indexes for each of the tests. Those data are

shown in Table 2.5.4, and they indicate that there is more instability

across IQ groups thar across race groups. As a matter fact, whenever

studies like this are conducted, where stability is observed across

samples differing in composition, the variable most closely related to

the latent trait being measured by the test will show the greatest

47'



38

TABLE 2.5.3

Sample Sizes on each Vocabulary Test for

Sample Composition Analyses by Race and IQ

Test

Name B

Race

W L

E.
M HS

CAT 3-A 3226 1131 18406 3556 8755 5499

CAT 4-A 1645 549 9209 1655 4429 3181

CTBS 2-Q 4485 963 16406 3300 7895 5168

CTBS 3-Q 2281 443 8129 1654 4021 2855

ITBS 10-5 1443 635 8228 1209 3529" 2491

ITBS 11-5 1513 660 8570 1385 3889 2880

ITBS 12-5 1664 593 8700 1344 4134 3020

MAT E-F 1954 500 8333 1814 4011 2309

MAT 1-F 3644 985 17287 3445 8590 5258

STEP 4-A 4757 1537 25755 4252 10831 2845

STEP BL-E 4524 1321 15254 3427 6825 4224

SRA GR-E 2676 684 8561 2154 3989 2682

SAT 1-W 1767 902 7540 1426 3450 1914

SAT II-W 3781 1881 15219 3349 7261 4943
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TABLE 2.5.4

Ability Parameter Stability Indexes For 14

Tests Over Samples Differing In Compositions

Test Name Stability Index

Race IQ

CAT 3-A .0577 .0983

CAT 4-A .0943 .1596

CTBS 2-Q .0596 .1097

-CTBS 3-Q .0562 .1111

ITBS 10-5 .0866 .1058

ITBS 1115 .0790 .0940

ITBS 12-5 .0947 ,.1299

MAT E-F .1035 .1465

MAT I-F .1110 .1440

STEP 4-A .1448 .1806

SRA BL-E .0951 .1289

SRA GR-E .1100 .15t5

SAT I-W .1397 .1947

SAT II-W .1216 .1611
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instability, as long as the test contains items with less than perfect

model -data fit.

2.6 Describing Test Fit According to Certain Antecedent Conditions

In the beginning of this chapter two general approaches to describing

test fit were mentioned. One was in terms of the proportion of fitting

items contained in the test and the other was in terms, of the achieve-

ment of those consequence conditions that the model predicts. One

such consequent condition is stability, or invariance, of parameter

estimates which we have discussed in the pr-evious sections. In this

section we will present various indicators of test firt in terms,of

item fit, and discuss their relationship with stability.

The item analysis program, MESAMAX, provides two statistics for the

items that are useful in dealing with the issue of item fit. One is an

index of item discrimination and is called "slope." This is a least

squares estimate of the slope of item characteristic curve, after a

linearizing transformation. It is based on fitting the line of regression

of "percentage correct ", on an ability estimate corresponding to each

possible taw score. Both the raw scores and Percentage correct are

transformed by a log odds transformation to linearize the item character-

istic curve. Thus, slope is the regression of "item log odds" on

"test log odds." Theoretically, slope values should be near unity for

fitting items.

Since slopes should be unity for fitting items, deviant values for

items are an indicator of misfit. It seems reasonable then, that

measures of dispersion of the distribution of item slopes for a test

could be used as measures of test fit. In addition, it seems that the
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shape of the distributions of slopes may be an important indica-tor-of

-fit. Yet another way to approach a slope index of fit ,is to specify a

criterion for fit, such as the interval 1.0 ± .20
5

, and determine the

relative number of items that meet that criterion. Table 2.6.1

presents varims slope measures of fit for the 14 primary form vocabu-

lary tests,as well as the distributions of slope values.

Mean Square Fit is the MESAMAX index of fit of the item to the model.

This index is a function of sample size; therefore, its interpretation

rust be made with care. For a particular test, the values of mean

square fit might well indiCate the relative fit of the various items

within a test; however, mean square values' probably should not be

used to compare items from one test to the next nor should one attempt

to interpret their absolute magnitudes.

The-problem of interpreting the mean squares is a general problem

in statistical hypothesis teting. The role of large samples in

rejecting null hypotheses is well known. ,For any difference between

data and an hypothesis, most statistical tests will lead to the rejection

of the null hypothesis if the sample is large' enough. The Rasch

project samples are adequate for rejecting almost any difference as a

significant departure from the model, even when the difference is of no

practical consequence. For example, the mean square fits are based on

the difference between expected and obtained proportions for each item-

by-score group cell entry. The model specifies an expected propoftion

correct, pe; while we obtain pe. With a fairly large sample size, N we

Such an interval is consistent with previous studies that have dealt

with the amount of slope deviation the model will tolerate. See

Panchapakesan (1969), C. Rentz (1975).
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TABLE 2.6.1

Slope Indexes of Fit and Frequency

1
Slope Index

Distributions-of Slope Values for the

Primary Form Vocabulary Tests

FREQUENCY DISTRIBUTION
2

Number

Test Name Q 7:11.2 <.6 .7 .8 .9 1,0 1.1 1.2 1.3 1.4 >1.4 Of Items

CAT 3-A .153 65.0 2 1 4 4 8 8 6 4 0 3 4e

CAT 4-A .227 47.5 4 1 3 7 1 4 7 4 4 5 40

CTBS 2-Q .179 52.3 2 2 4 3 7 10 1 4 2 5 40

CTBS 3-Q .177 50.0 1 4 3 3 7 8 2 5 3 4 40

ITBS 10-5 .116 57.8 0 4 3 2 7 9 4 4 3 2 38

ITBS 11 5 .145 62.8 1 2 '3 6 6 8 7 6 1 3 43

ITBS 12-5 .214 56.5 3 1 3 9 6 7 4 4 4 5 46

MAT E-F .146 56.0 4 2 4 3 .6 12 7 6 4 2 50

MAT I-F .161 56.0 0 5 6 9 6 6 7 5 4 2 50

STEP 4-A . .'2,10 46.6 4 0 4 1 6 6 1 5 1 2 30

SRA BL -C .173 57.1 2 2 1 4 8 6 6 6 1 6 42

SRA GR-E .228 47.6 1 3 6 5 3 8 4 3 4 5 42

SAT I-W .167 63.2 1 0 4 8 4 11 1 4 3 2 38

SAT II-W .186 52.1 2 4 3 4 5 9 7 6 5- 5 48

1 Q=the semi-interquartile range
%1r.2 =the percentage of items in the interval .80-1.20

2 Column heading represents upper limit of interval
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probably estimate p0.- pe fairly accurately. The test is

N Pe)2
z
2

=

P
e

(1-P
e

)

43

These are summed over score groups and. averaged to yield the mean

squares for items. Now, what if pc, - p'e is estimated with great accuracy

for a sample of size N, but we use an even larger sample--of size 10 N?

Then clearly, z
2

will increase ten-fold.

As an index of test fit some appropriate average of the item mean

squares could be used if some adjustments are made for sample size and

then only if information about relative differences between tests is

desired (it is doubtfurthat any 'adjustment in these indexes could,

make their magnitudes meaningful). Table 2.6.2 shows four such indexes

based on item mean square fit values. The mean and median for each
... 1

test is shown along with adjusted values in order to eliminate effects

of differences in sample size. The factor (10,500/N) was used to adjust

each mean and median (10,500 being the s.mallest sample size for the tests

considered).

It is likely that as an index of test fit the item mean squares

would be a defensible choice since any factor that might Cause misfit

would be reflected in the mean squares. The principle disadvantage of

the.mean squares is an interpretation of their magnitude. Cartledge

(1974) used the same sample size adjustments that were used here (10,500/

N) on data simulated to reflect different levels of model fit. Fit was

controlled by manipulating the range of item discrimination parameters

53
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TABLE 2.6.2

ti

Average Item Mean Square Fit Value for"

the 14 Primary Form Vocabulary Tests

Test Name Mean Median Mean* Median*

CAT 3-A 15.3 9.1 6.9 4.1

CAT 4-A 11.9 , 8.9 10.9 8.1

CTBS 2-Q 18.3 14.5 8.7 6.9

CTBS 3-Q 9.7 5.5 9.2 5.2

ITBS 10-5 7.0 5.0 7.0 5.0

ITBS 11-5 . 7.0 3.9 6.7 3.8

ITBS 12-5 8.1 4.4 7.7 4.2

MAT E-F 8.8 5.2 8.2 4.9

MAT I-F 11.6 9.8 5.4 4.6

STEP 4-A 30.0 16.8 9.7, 5.4

SRA BL-E 15.5 10.0 , 7.5 4.8

SRA CR -E 8.2 0.3 7.1 5.4

SAT I-W 7.4 5.8 7.4 5.8

SAT I-1.-W 12.9 9.2 6. 4.4

*Adjusted by factor (10,500/N)
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TABLE 2.6.3

Adjusted Median Mean Square Fit Values

for Al] Tests in the.Data Base

Test Name Vocabulary Comprehension Total

CAT 3-A 4.102 5.623 2.472

CAT 3-B 6.692 6.163 5.075-,

CAT 4-A 8.061 4.692 5.075

CAT 4-B 9.545 10.298 3.882

CTBS 2-Q 6.863 3.922 2.933

CTBS 2 R 8.467 9.166 5.916

CTBS 3-Q 5.177 3.973 3.481

CTBS 3-R 11.084 10.893 8.106

ITBS 10-5 4.984 4.670 2.768

ITBS 10-6 8.923 7.322 6.340

ITBS 11-5 3.764 4865 2.328

ITBS 11-6 7.431 7::673 6.290

ITBS 12-5 4.163 24.685 2.244
ITBS 12-A A 700 6.176 5.665

MAT E -F 4.943 8.527 3.897

MAT E-G 10.128 13.115 ' 8.749

MAT I-F 4.599 6.477 3.455

MAT I-G 7.092 5.884 5.069

STEP 4-A 5.4 3 3.596 3.1Q8

STEP 4 -B 11.416 5.402 6.517

SRA BL-E 4.840 4.615 3.911

SRA BL-F 6.695 8.411 5.590

SRA GR-E 5.443 3.444 2.678

SRA GR-F 10.529 9.698 8.718

SAT I-W 5.795 4.609 3.134

SAT I-X 11.319 11.341 9.517

SAT II-W 4.433 2.815 2.617

S'a II-X 8.177 6.319 5.233
4
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in the two parameter logistic model from "zero variation", and "high

variation". The zero variation condition would provide a high degree

of fit to the model while the high variation condition would have a low

degree of fit. Her findings, of importance here, relate to the size of

the average item mean squares (adjusted) since they provide us with some

guidelines for interpreting the values obtained in our own work. Cartledge

found average mean squares of about 15.0 over several replications of

her nonfit condition and for the fit conditions the average was about

2.0. Our own values range from 5.4 to 10.9 and except for the one test

whose value is 10.9, the indexes are rather homogeneous among the Vocabu-

lary Tests. These comparisons show that these tests do not differ among

themselves yet they are neither very good nor very bad fitting tests.

A comparison of the values in Table 2.6.2 indicate that the two

indexes, mean and median, do not rank the tests in exactly the same

order; the rank order correlation between them is 0.684. This relatively

low. relationship is probably due to the mean's sensitivity to peculiar-

ities in the distribution, for example, two or three extreme values.

As an index of test fit the median is probably me "2 desirable, at least

for the purposes of comparing tests. Table 2.6.3 shows the median item

mean square fit index for each of the tests used in this sutdy, for

vocabulary, comprehension and total reading.

2.7 ,-Relationship of Test Fit Indexes

A variety of, indexes of test fit have been presented in this

chapter. Some have dealt with the extent to which the items in the tests

con'orm to the antecedent conditions necessary for model data fit,

others have dealt with the tests' achievement of specified consequent
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conditions. In this section we have summarized some of the more

important indexes of fit by presenting them together in Table 2.7.1

for the 14 vocabulary tests, With an indication of whether they apply

to antecedent or consequent Conditions.

A new index is also presented. in this Table. it is an index of

first factor concentration,, and is labelled "% 1st Factor". The index

was derived from a principle components analysis of tht item intercorre-

,

lation matrices. of the 14 vocabulary tests.; The index is the percentage

of variance accounted for by the first ComporiOnt.

In suriary; the-results of the studies reported in, this chapter

are not unequivbcal. The 14 vocabulary tests, to which attention was

concentrated showed rather moderate test fit in terms of item statistics

yet acceptable:performance in the studies of stability. Indeed, these

tests display'a high degree of homogeninity with respect to the various

indexes of fit.

We had hoped that these tests would be sufficiently different so

that by studying how the various indexes of model-data fit varied over

'this collectiNi of tests, we could learn more about how model-data fit

could he , 7i): lack ot ;mticaNy strong variance between these

tests was dis,ippGintina with respect to the theoretical issues of how to

evaluate modcl -data fit; yet, for the practical task of equating, lhe

results were encouraging. Our conclusions about model-data. fit are

A

cautiously optimistic and they will be presente&lin Chapter 5.
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Chapter 3

Equating Methodology

The purpose of this section is to present echniques and results for
-,

equating and estimating equating errors. We wi 1 present our general logic

and our specific techniques, as well as some sa ple data; however, first

we should consider general principles in Rasch equating.

3.1 General Principles

There are two basic references for consideration. in regard to

fundamental logic. Angoff, in Thorndike's Educational Measurement,

presents the various experimental designs-that one might employ to

equate two tests. He also presents details of equipercentile and linear

equating. The general logic and procedures of Rasch equating is in the

dissertation of Nargis Panchapakesan (1969).

We define "equivalent scores" as scores that correspond to the same

Rasch ability. Our definition is similar to the usual definition of

equivalent scores -- "Two scores ...may be considered equivalent if

their corresponding percentile ranks in any given group are equal".

(Angoff, W. H. In Thorndike, R. L., Educational Measurement, p. 563).

In order to apply this definition, ability scales for tests to be

equated must be comparable. Thus, prior to actual raw score-to-raw

-score equating, each test must be calibrated on the same scale.

A distinction between "calibration" and "equating" is helpful for

clarification. Angoff (1971, p. 565) has pointed out the need for this

49
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distinction. "Calibration" refers to the assignment of abilities,to

raw scores, whereas "equating" refers to the'determination of equivalent

raw scores.

The next section outlines the procedures for determining equating

constants. These constants are used to calibrate all tests on a common

scale. After this calibration is completed, then raw score-to-raw score

equating is accomplished by applying the definition stated previously.

There are two general equating procedures developed to conform to

Rasch theory. Both yiEld a single additive coostant for a test pair.

This constant adjusts the ability scale on one test to that of another.

We refer to one as the "ability method", In this technique, the

test pair is administered to a single group of persons. Each test in the

pair is analyzed separately by a Rasch analysis. Since the group's ability

is not different on the two tests, any perceived difference in average

ability must be due to the differences in scale origin on the two tests.

The appropriate equating constant is the difference in the ability

averages. One of the pair is chosen as a reference test. The constant,,

is applied to the second test to adjust its -,coring table to conform

to that of the reference test.

The second equating procedure we call the "difficulty method".

The difficulty method is based on a Rasch analysis of both tests cour-
t

bined into One long test. If the twe tests in the pair have the same

scale origin, then the averages of log easiness for both tests will be

equal. To the degree that these averages are not equal, the two tests

separately have scale origin differences. The equating constant is the

difference\in average log easiness. This constant is added to the

abilities g nerdted by one of the tests to put this test on the same
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scale as the other test.

The equating methodology to be described in the following section

is not dependent on whether the "ability" or "difficulty" method is

chosen. In either choice, the differences obtained are the basic data

for following the procedures for obtaining the final recommended equating

constants.

Equating constants based on both methods were determined. However,

the results of the difficulty method are stressed and recommended. This

choice is largely based on the assumption that these results are more

stable. The expected stabilization occurs through the analysis of the

combined test data in the difficulty method, The combined data analysis

should yield results based on a commonly measured trait. On the other

hand, the ability method requires separate analyses of each test. These

separate analyses lead to a need to depend entirely on an assumption of

equivalence. However, both methods theoretically lead to the same

results, so the choice is somewhat arbitrary. Standard errors of equating

constants are also expected to be similar. This similarity is discussed

more fully later in thiL chapter.

STEP vocabulary was chosen as the reference test for all equatings.

STEP was chosen because it has a single level which was given at all

grades, and thus was paired with all other tests studied. Tables are

presented in this report in which each test is equated into all other

tests, but equating was conducted using STEP to define the origin of

the calibrated scaleS of all tests. The choice of a reference test is

arbitrary as only additive constants are involved.
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3.2 Estimating Equatings Constants: Methodology and Results

In order to avoid irregularities due to sampling in the individual

sets of data, constants are based on averages over several sets of data.

These calculations will be explained in detail. Throughout this section,

the difficulty method is employed, so no distinction is made between

ability or.difficulty adjustments.
i

Data were analyzed by level and form without regard to grade level.

However, equating constants were developed by grade level. For example,

if a particular test was designed for both the fourth and fifth grades,

then we did not separate the data for this test by grade. Data from

both grades entered into the calculations of fourth grade equating

constants and fifth grade equAing constants. After determining both

constant's, averages over the grades were calculated, where appropriate.

For a particular test pair, data on both tests were calibrated

treating the tests as one long test. The combined analysis yields

easiness estimates for each item in both tests. The average of the

easiness was determined for each of the two tests in these combined-test

analyses. A difference in these averages was calculated for each test

pair.

The average differences for primary forms equatings were organized

into 7 x 7 matrices. There were six of these 7,x 7 matrices: namely,

vocabulary tests at each F three grade levels and comprehension tests

at each of three grade levels.

The 7 x 7 difference matrices included zeros on the diagonals, as

parallel forms adjustments were determined separately frcim test-to-test

adjustments. The seven rows and columns each correspond to one of the

test batteries. The matrix entries above the diagonals are.the log
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easiness average differences between the test pair when the pair was

administered in one of the orders of testing. The entries below the

diagonals were based on the data Obtained in the other order of testing.

These differences matrices are presented in Tables 3.2.1 to 3.2.6. Each

difference in each table is calculated by subtracting the average

easiness of the test identified by the column heading from the average

easiness of the test identified by the row heading.

Our final recommended results followed the procedure to be discussed

only for equating vocabulary tests. The 7 x 7 matrices were used to

equate comprehension tests, be results were not our recommended

ones. The reasons for this change in procedure will be given subsequently.

The 7 x 7 matrices for comprehension are presented here partly because

they do yield valid equating constants, but primarily because they provide

basic data for readers who wish to compare the difficulty of various

reading comprehension tests. 4

The analysis proceeded by calculating row and column means. The

zero diagonal values are included in the calculation of these means as

these correspond to the difference between a test and itself. (Differ-

ences between the column mean vector and the row mean vector are due

to order-of-testing effects and sample differences.

The remaining calculations can be illustrated by example. Consider

the first table--fourth grade vocabulary. The marginal means are

presented below.

Test 1 2 3 4 5 6 7.

Row Means -.219 .093 -.172 .892 .142 -.143 -.444

Column .222 -.026 .239 -.853 -.042 .160 .449
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.
TABLE 3.2.1: FOURTH GRADE VOCABULARY DIFFERENCE MATRIX

.

TEST
1

CAT

2

CTBS

3

ITBS

4

MAT

5

STEP

6

SRA

7

SAT MEAN

O. -.258 .004 -1.171 ,-.246 -.053 .190 -.219

2 .293 O. .288 -.786 .070 .215 .572 .093

3 .031 -.299 O. -1.022 -.256 .087 .256 -.172

4 1.155 .863 1.081 O. .928 .924 1.290 .892

k

.313 .138 '.443 -.769 O. .293 .576 .142

6 .011 -.188 .063 -.929 -.211 O. .256 -.143

7 -.250 -.438 -.204 -1.294 -.578 -.346 O. -.444

MEAN .222 -.026 .239 -.853 -.042 .160 .449 .021

TABLE 3.2.2: FIFTH GRADE VOCABULARY DIFFERENCE MATRIX

TEST
1

C;,-7

2

CTBS

3

ITBS

0. -.258 .712

2 .??3 '0. .809

3 -.,':02 -.707 O.

4 -.450 -.502 .217

5 .313 .138 .917

6 .011 -.188 .568

7 -1.439 -1.592 -.922

MEAN -.263 -.444 %329

-4 5.

MAT STEP

.419 -.246

.633 .070

-.114 -.737

O. -.482

15973 O.

.437 ,-.211

-.851 -1.438

.171 -.435

6

SRA

7

SAT MEAN

-.053 1.212 .255

.215 1.652 .525

-.499 '.758 -.272

-.347 .849 -.102

.293 1.372 .529

O. 1.222 .263

-1.266 O. -1.072

-.237 1.009 .018

6 4
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TABLE 3.2.3: SIXTH GRADE VOCABULARY DIFFERENCE MATRIX

TEST
CAT

2 3 4 5 6 7

CTBS ITBS MAT STEP SRA SAT
MEAN

1 0. .007 '-.029 -.867 -1.522 -.486 -.021 -.417

2 -.025 O. -.104 -.896 -1.284 -.421 -.021 -.390

3 .042 .115 O. .4. -.763 -1.361 -.338 .056 -.321

4 .956 .900 .854 O. -.482 .356 .849 .491'

5 1.50.4 1.611 1.528 .673 O. 1.082 1.372 1.116

6 .506 .482 .368 -.413 -.958 0, .466 .064

7 -.015 .073 -.048 -.851 -1.438 -.429 O. -.387

MEAN .430 .455 .367 -.445 (71.006 -.034 .389 .022

TABLE 3.2.4: FOURTH GRADE COMPREHENSION DIFFERENCE MATRIX

TEST
1

CAT

2

CTBS

3

ITBS

4

MAT

5

STEP
6

SRA
7

SAT
MEAN

1 0. -.063 .276 -.402 .364 .312 .320 .115

2 .762 0. .399 -.269 .478 .446 .435 .250

3 -.145 -.351 O. , -.713 .113 .063 .031 -.143

.625 .516 .784 O. .874 .630 .801 .604

5 -.281 -.383 .050 -.751 0. -.055 .006 -.202

6 -.127 -.271 .149 -.533 .127 O. .074 -.083

7 -.092 -.298 .116 -.503 .055 .022 0.' -.100

MEAN .035 -.122 .253 -.453 .287 .203 .238 .063
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TABLE 3.2.5: FIFTH GRADE COMPREHENSION DIFFERENCE MATRIX

TEST 1- 2 3 4 5 6

CAI CTBS ITBS MAT STEP SRA I MEAN

1 O. -.063 .771 .485 .364 .312 .906 .396

2 .262 00. .818 .552 .478 .446 )1.063 .517

3 -.568 -.721. O. --.197 -.164 -.332 .251 -.247

4 -.244 -.340 .295 0. .186 -.047 .529 .054

5 -.281 -.383 .355 .064 O. -.055 .508 .030

6 -.127 -.271 .494 .226 .126 O. .636 .155

7 -.740 -.873 -.153 -.354 -.406 -.480 O. -.429

MEAN -.243 -.379 .369 ..111 .084 -.022 .556 .068

TABLE 3.2.6: SIXTH GRADE COMPREHENSION DIFFERENCE MATRIX

TEST
1

CAT
2

CTBS

3

ITBS

4

MAT

5

STEP

6

SRA

7

SAT
,MEAN

1 O. -.180 .184 -.710 -.665 -.308 -.249 -.275

2 .407 0. .433 -.397 -.316 .042 -.048 .017

3 -.024 -.313 O. -.834 -.714 -.434 -.441 -.394

4 .393
,--

.585 1.020 0. .186 .462 .529 .525

5 .897 .574 .916 .064 O. .477 .508 .491

6 .494 .060' .531 -.443 -.308 0. .095 .061

7 .i61 .198 .581 -.354 -.406 .152 O. .090

MEAN .447 .132 .524 -.382 -.317 .056 .056 .074
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The signs of corresponuing numbers differ since.they correspond to

reverse orders of test administration, and, therefore, to reverse orders

of subtraction. The -.219 and the +.222 both mean that the average

easiness of test 1 is lesser than the overall average easiness. That

is, test 1 is more difficult than the average.

The row and column means are averaged to get an adjustment averaged

over testing order. This averaging is accomplished by changing the

sign of the row means prior to averaging. We get the following

averages:

Vest- 1 2' 3 4: 5 6 7
/
Averages .221 -.059 .206 -.872 .=.092 ,151 .447

0

All tests are put on the STEP scale by adding .092 to each average

(test 5 is STEP). This correction puts all tests on one scale with an

/

origin defined by the STEP origin.

constants:

We obtain the following set of equating

Test 1 2 '3 4 5 6 7

Constants .313 .033 .298 -.780 0 .243 .539"
.:,

The process is repeated for grades five and six. The constants at

this point are presented in Tables 3.2.7 and 3.2.8. The next adjustment was

to average constants for tests that were administered at more than one

grade level. These averaged coefficients appear between the values used

to compute the averages and are underlined. The ".313" means that test

1 is harder than STEP by .313 log units. Thus, we adjust test 1 by

adding .313 to each of its stability estimates to put each on the STEP

scale. --.

The next step is to obtain equating constants for parallel (secondary)

forms to get these tests on the same scale as the primary forms. This

67



58

TABLE 3.2.7: A SET OF EQUATING CONSTANTS FOR VOCABULARY*

GRADE TEST q

1

CAT
2

CTBS
3

ITBS .

4

MAT
5

STEP
6

SRA
7

SAT

4 .313 . .033 .298 -.780. 0: .243 .539

.267 .016 .238

5 .221 -.002 .782 .619 3 .232 1.523

.606 1.486

6 1:484 1:.489 1.405 .593 0 1.013 1.450

* Underlined 4,--11'.:ers are the averages of the numbers immediately above

and below them. Averages are calculated when a test is used at two

grade levels.

TABLE 3.2.8: A SET OF EQUATLNG CONSTANTS FOR COMPREHENSION*

GRADE TEST

CAT CTBS
3

ITBS
4

MAT
5

STEP
.6
SRA

7

SAT

4 -.285 -.43'1 -.046 -.773 0 -.101 -,075

-.315 :2_453
-.108

5 -.346 -.475 :f.:281 +.002 0 -.1)6 +.446

-.024 +.427

6 +.765 +.461 +.863 -.050 0 +.401 +.387

* Underlined numbers are the averages of the numbers immediately above

and below them. Averages are calculated when a test is used at two

grade levels.
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step consists of adding an appropriate log easiness mean difference to

the primary form equating constant. Data were obtained for each secondary

form in only two data sets. That is, secondary forms were'paired with

their respective primary form for twd orders of testing. Thus, each

secondary form equating constant consists of adding to the primary

form equating constants the average of the mean easiness difference found

in the two data sets.

The comprehension test equating now needs to be explained. If we

were to use the results of the six 7 x 7 tables for bringing comprehension

onto the STEP '. ocabulary scale, then it would be accomplished by adding

to each comprehesion equating constanf, the value .799. This number is

the difference in average uasiness for STEP vocabulary and comprehension

items when these items ie cObtated together on a total test analysis.,

It reflects the fact that comprehension is more difficult than vocabulary

CTIM

This procedure was not used, however, in our final product. The

result of the +.799 adjustment would be to slide all comprehension tests

the same amount without regard to their respective vocabulary test. It

was cur opinion that battery-by-battery adjustments would be superior in

that the reAdtionship Let4een vocabulary and comprehension would be

maintained for each battery. Therefore, comprehension was adjusted to

vocabulary for eacn test using the same procedure that was used to find

;,arallel forms equating constants. This had the added benefit of aPowing

ajustments to be made on the basil of all data added together (our base

fles), rather than on the ba,sis Of the three 7 x 7 matrices, since

vocabulary and comprehension pairb were always administered together.

9
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Our Final result is presented in Table 3.2.9. This table presents

the equating constants that were recommend

3.3 Raw Score Equating

The coefficients in Table 3.2.9 were entered into our equating program

to yield raw score, equating tables. (These are included in Appendix

C & D). The logic of the equating procedure follows. Let Bi be the

raw scores on the base test. Let Abi be the corresponding abilities

in the base test scoring table after equating adjustments. Let Cj

be the raw scores on the test to be equated to the base test, and let

A. be the corresponding abilities in the scoring table of this test

after equating adjustments. Then for each possible score Bi on the

base test, we find the score C on the test to be equated such that

A - A .Abi
cj

is a minimum. The score, C., that minimizes A
bi

- A
cj

is the

equivalent score of Bi.

3.4 Error Problems
t.4,

We recognize several sources of error entering into the application

of equating tables. The major source of eri'or is test unreliability. :-

This particular error source appears to be much more severe than other

error sources and is usually on the order of .3 of a log unit. That is to

say, the standard error of measurement for these tests is between 2.5

and 3.5 raw score units which is usually about .3 log ability units.

Moreover, conditional raw score standard deviations for equated tests,



TABLE 3.2.9: EQUATING CONSTANTS RECOMMENDED FOR USE*

TEST
DSN

TEST
NAME VOCABULARY COMPREHENSION

1 CP.T3A +.267 +.437

2- CAT3B -.181 -.067

3, CAT4A +1.484 +1.732

4 CAT4B +1.139 +.814

5 CTBS2Q +.016 +.262

6 CTBS2R -.508 -.598

7 i CTBS7 +1.489 +1.437

8 CTBS3R +1:294 +.985

9 ITBSIO -5 +.298 +.664

10 ITBS1O -5 +.249 +.369

11 ITBS11-5 +.782 +1.126

12 ITBS11-0 3.530 +.499

13 ITBS12-7, +1.405 +1.859

14 ITBS12-6 +1.283 +1;415

15 MATEF -.780 -.172

16 MATEG -.892 -.199

17 MATI +.606 +.802

18 MATIG +.580 +.762

19 STEP4A 0 +.799

'>i,
C., STEP4B -.152 +.510

21 SRABE '3.238 +.506

ZI

22 SRABF -.137 -.161

61

TOTAL

+.354

-.123

+1,615

1::1967

115

+.96

+1.1/30

33

326

.000

+.510

1.688

1+1.365

-.492

-.564

+.699

+.666

+.399

-.066

+.381

-.150
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TABLE 3.2.9: EQUATING CONSTANTS RECOMMENDED FOR USE*
(continued)

TEST

DSN

TEST
NAME VOCABULARY COMPREHENSION

/

TOTAL

23 '', SRA +1.013 +1.348 +1.192

94 SRAGF +.745 +.510 +.620

25 SATIW +.539 +.591 +.571

-....,'). 26 SATIX +.439 / +.495 +.473

27 SATIIW +1.486 +1.618 +1.411

28 SATIIX +1.638 +1.663 +1.652

* The equating constant for a test is to be added to all abilities
estimated from that test to yield abilities on a scale the origin
of Aich is fr-2 -wicin of STEP 4A Vocabulary.

/
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are in the range of three to six raw score points.

There is some instability in the equating constants themselves.

This error source is minor, and is of the order .02 of a log ability

unit. This error source will be developed fully in the last section

of this chapter.

A third type of instability is in the assignment of abilities to

raw scores. This is a major problem and called "stability of Rasch

ability parameter estimates. Chapter 2 of this report dealt specifi-

cally with demonstrating this\stability over various sample sizes and

sample compositions. Our conclusions drawn from Chapter 2 was that

sufficient stability is present over types of data sets to allow

confidence in the equating results.

There is a fourth error source of importance that we choose to call

"assignment error". This is the error associated with assigning a

raw score on one test as equivalent to raw score on another test. If

we were reporting all scores on a common log ability scale, then there

would be no assignment error. Assignment error occurs by having to

assign a child a raw score on an equated test. that is most equivalent

to a raw score on abase test. A hypOthetical example follows.

Consider this prtialtable.

LOG ABILITY

-3.2
-3.0
-2.8
-2.6

-2.4

BASE TEST

10

EQUATED TEST

10

9 9

8 8

A child who' receives a 10 on the bash tea should be given an ability

of -3.2. This estimate would contain error of measurement and a slight
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error of estimating the equating constant. However, he must be assigned

an equated test raw score of 10, since this equated test score most clearly

estimates his ability. His assignment error is .2 due to the need to

assign a raw score. Tables of assignment errors corresponding to each

equating table are presented in Appendix E and F.

It is our opinion/that the instability of equating constants is

inconsequential. Assignment errors are not inconsequential, but are

not overly severe. Scoring table stability is also not inconsequential.

Such stability follows from designing tests that meet the assumptions

of the Rasch model, or by demonstrating empirically sufficient stability

for existing tests as we did in Chapter 2. The major source of error

will remain the usual instability of the individual raw score. The

assignment error can be avoided by not using raw score-to-raw score

equatfng, but the calibrating raw scores to an ability scale common to

all instruments. This latter alternative we have provided in the form of

cur' "National Reference Scale", presented in Volume II of this report.

The final section of this presentation is a developement of

equating constant error estimation procedures. This final section will

demonstrate that assignment error and the usual measurement error are

the error sources of real concern.
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3.5 Vocabulary Constant Error Variance

Estimates of equating constant standard errors are based on the

standard errors of easinesses. The easiness standard errors are combined

using the usual addition of uncorrelated variances formula

2
V(Eaixi) = Eai V(xi).

The procedure to be outlined can be modified for any equating design (in-

cluding ability equating), but this discussion will follow our difficulty

equating design involving the 7 x 7 difference matrices.'

Let di . be the easiness estimates and V(di) be the corresponding

variances from the Wright-Panchapakesan analyses. We start equating by

averaging the di's to yield d.'s for each test in each of the cells in

tne 7 x 7 matrix. The variance of d. is

V(d.)

1

EV(di);

k2

where k is the nuwer of items. There are two d.'s in each cell of the

matrix. The difference between these two d.'s has a variance

V(d.-1

EV(d i) EV(d j)

.2) 2 2
kl k2

Denote each of these values by Vii, where the subscri ts indicate the

cell in the 7 x 7 matrix. (Note: The diagonals of these matrices are

empty. Parallel forms onstants are treated separately.) We now

oLtiin row and column a erages parallel to our averaging process in the
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equating procedure.

Row average variance =
1

49

7

E V.. =V
13

1

1
7E V.. . V .

Column average variance =
j=1 13 .3

Following a change of sign of one of the sets of marginal averages,

the corresponding row and column values are averaged. The variances of

these averages are

v. =
J

1

4

(V. + v
J
.), S . 1, ..., 7.

J.
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One of the Vj corresponds to the reference test STEP. The STEP constant

is subtracted from each of the other constants to yield equating constants.

The variance of these constants is

Vj = Vj + VSTEP

The reaaer.will note from this result that the decision to reference

scales on STEP introduces a small, but unnecessary source of variation.

,

That is, one does not need to choose a reference test, but'could choose:

the overall average origin. If this latter choice is made, then V.

instead of would be the solution at this point.

Some equating constants are averaged over two grades (in cases in

which a level is used,in more than one grade). In these cases the two

V
J

's are added and the sum is divided by four. STEP has only one form
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which is used in three grades. These three VSTEP 's are added and

the sum is divided by nine.

The general solution just presented involves the assumptions that
s

the standard errors of easinesses are reasonably accurate, that the

items are locally independent, and that the groups of examinees in the

7 x 7 matrix design are experimentally independent. These independence

conditions are not strictly met, since cell entries are used in both

row and column averaging and some data appear in more than one 7 x 7

matrix. This failure to achieve full independence of terms is not seen

as affecting numerical values greatly; therefore, calculations are

carried out as if all terms are experimentally independent.

The input data, the easiness standard errors, will normally be

obtained from the Wright-Panchapakesan analysis. However, they can be

obtained from direct empirical techniques as was done in Chapter 2.

3.6 Parallel Forms Constants Error Variances

Standard errors for parallel forms constants are based on two-

sample studies. We have a V12 and a V21, corresponding to the two

orders of administration. The two pairs of mean easinesses are averaged,

which corresponds to the variance of

1

(V12 4. V21)

4
. 0

for each of seven parallel forms. A final equating constant consists of

adding the parallel form constant to the primary form constant to yield

a final variance of
* 1

Vj +
4

(V12 + V91),

where the subscript j is omitted from the'right hand term.
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3.7 Cap prehension Constant Error Variances

Comprehension equating constants can be estimated in the same manner

as vocabulary equating constants. If the comprehension equating constants

are estimated in that way, then error variances can be estimated in the

manner previously described. However, comprehension constants were

estimated by base file comprehension-vocabulary average difficulty

differences. Thus, the procedure used all data on a particular test-

form-level combination. The adjustments are the differences in averages

,.of difficulties between vocabulary items and difficulty items when total

tests are calibrated. The error variance of this adjustment is

V =
v -c k2 k2

EV (di ) EV(di)

A simple summation of the V(di) over all items would not reflect differ-

ences in lengths of the two subtests.

The v-c difference is added to the vocabulary constant to yield the

comprehension equating constant on the STEP vocabulary scale. Thus, final

error variances for comprehension equating constants are the sums of the

corresponding Vv_c and Vj.

3.8 Crude Estimates of Error Variances

The variance of the easiness of item i is approximately

N

[

-1

V(di) : E p,.q,. , where N is the sample size.

j=1 1J 13

Since p and q range from 0 to 1 and p + q = 1, the values of pq

0

do not vary much. Almost all pq values will be in the range of 1/9 to

1/4. If we denote by c the average value of (pq)-1, then c can be
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estimated crudely to be in the range of 4 to 9. Therefore, we can

estimate V(di) quite reasonably to be c/N, where 4<c<9.

For example, p's usually exceed .13. FoT p = .13, pq = .11 and

c = 9. The maximum p is .5, or.pq = .25. For the maximum p,.then,

c = 4. Thus, we obtain

V(di) = c/N

Then V(d.) = (kc/N) = c/kN.

k

And V..
2c

or, if the k's are not equal,
1J

kN
ij

v
ij

Nij k.
1

k.

Thermandcolunivaluesv.1 and V are

V. =
t.

49

7
1

Nij

1

k. k.
1
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and similarly for V.

Finally, we would have V. and V.
VSTEP

to calculate.

If we take reasonable estimates of c, k, and N, we can get reasonable

estimates of the equating constant standard errors on the average. Take

k = 40 and N = 750 for all instances, and c = 9 to yield overestimates

of the standard errors of easinesses.
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We have V(di) = 9/750 = .012, and

V(d.) = 9/(40)(750) = .0003

Each Vij is (9/750)(2/40) = .0006

And V .

9' 1 2

49 #0 750 40

6

(.0006) = .0000735
49

Also V1. =, .0000735
.

1
2 (.0000735) = .0000367

,j,"

And the variance of an equating constant is

V. 4.

STEP
= .0000735

yielding a standard error crude estimate of .0086.

ti
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Since c = 9 is conservative, we can take .01 as a reasonable estimate of

the standard error of a vocabulary primary form equating constant.

3.9 Results of Applying Equations

The Vocabulary equating constants standard errors were estimated

by the procedures outlined. The following table (Table 3.9.1 shows these

standard errors for all primary and secondary Vocabulary tests.

Table 3.9.1 shows Lhdl the formula estirates of the standard errors of

primary forms (odd numbered DSN's) are all less than the crude estimate

of .0U86.
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TABLE 3.9.1: VOCABULARY EQUATING CONSTANTS STANDARD ERRORS

TEST NAME SE TEST NAME SE,

CAT 3-A .0046 MAT E-F .0071

CAT 4-A .005Z MAT E-G .0090

CTBS 2-Q .0076 MAT I-F .0048

CTBS 3-Q .0089 MAT I-G .0059

ITBS 10-5 .0046 STEP 4-A .0042

ITBS 11-5 .0059 STEP 4-B .0059

ITBS 12-5 .0075 SRA B -E .- 0045

MAT E-F .0091 SRA B-F .0057

MAT I-F .0073 . SRA G-E .0073

STEP 4-A .0085 SRA G-F .0090

SRA BL-E .0069 SAT I-W .0071

SRA GR-E .0080 SAT I-X .0094

SAT I-W .0076 SAT II-W .0048

SAT II-W .0035 SAT II-X .0060
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The secondary forms (even numbered DSN's), also yield formula

stardard errors considerably smaller than the cruk estimates. The

crude'estimates of parallel forms equating constant error variances are

2

.0000734 +
4

( 0006) = .000373,,,

yielding standard errors of .019, or approximately .02. The formula

estimates are all below .01-, but each is somewhat larger than its

corresponding primary form constant,
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3.10 Commerqs on Errors

The basiql.data for standard error equatings are the easiness

standard errors From thE, original Rasch analyses. Empirical standard

errors, obtained-by calculating easinesses on multiple samples, yield

similar results. Thus, it is apparent that the error sources of concern

are the usual measureNent errors and assignment errors. However,

assignment errors can be avoided by using the reference scale.

3.11 Equatini Errors for the Ability Method

The arbitrdr'ness of choosing the difficulty method over the
WIt /IPW)). ir`tinbl.,4?Osaim41.!

ability method is further documented by comparing the squared standard

errors of abilzy and easiness parameters. Both squared standard

errors are of the same form (Wright and Douglas, undated, pp. 4-7):

(EPijqii)-1

For easinesses, the sum is taken over persons; whereas, for abilities,

the sum is tak,,,n over items. In either case, we can use the estimates

previously discuy-A. Take 4 < c < 9 as a reasonable set of estimates

of the average of pq)-1.
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Thus, the error variance for an item is estimated to be c/ N.

Whereas, the error variance for an ability is estimated roughly to

be c/k, where ,k is the number of items on one of the tests. The

determination of equating constants begins by averaging the easinesses

within each set of items or by averaging the abilities. In the diffi-

culty method we get c/Nki and c/Nk2 for the crude estimates or the

error variances of the two averages that are used to calculate initial

entries io the 7 x 7 tables. However, these values are identical to

what we get for crude estimates of th,2 error variances for mean ability.

Both error variances are functions of N, kr and k2. The Crude estimates

differ only in the order of operations.

83



_,-------'

Chapter 4

Equipercentile and the Rasch Model: A Comparison of the Results

This chapter is concerned with the similarity of results of the

equating of nonparallel tests which were produced by the Equating Phase

of the Anchor Test Study and by the use of Rasch Model techniques

presented in the last chapter. The topics considered briefly here are

the differences in the methodologies usedjp the two ..tudies, the

differences in data oroanizatio:16.4M the presentation of the results,

some empirical comparisons based on selected subsamples of the data,

and a few conclusions derived from this attempt at comparison.

4.1 The Methodologies

Scores on two, tests can be defined as equivalent in many different

ways - each rethod pray-Wing a way of converting the system of units of

one form to the system of units of the other so that scores derived from

the two forms after conversion will be directly equivalent.

The results of the et,uating of reading achievement tests have been

produced by three equating procedures: linear, equipercentile, and

Rasch, The linear definition of equating is that two raw scores are

equivalent if they are the same number of standard deviation units above

or below the means of their respective score distributions. The linear

method of equating assumes that two distributions of scores have the

same basic shape and differ only in their means and variances. Linear
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equating is a very close approximation to equipercentile equating when

the shapes of the raw score distributions are similar; therefore, if

one is prepared to assume that differences in the shapes of the

distributions of raw scores c wo forms are sufficiently trivial so

that they may be disregarded, linear equating may be preferable. Unlike

equipercentile equating, it is ' irely analytical and verifiable and

is free from any errors of smoothing, which can produce serious errors

in the score range in which the data are scant and/or'erratic.

The equipercentqe definition of equating is that two raw scores

are equivalent if their percentile ranks are equal. One way of,i/ nsuring

equivalent scores when the distributi/On shapes are different i4 to

equate by equipercentile methods. Generally, the conversion,'of X scores

to their equivalent Y scores will /be curvilinear, and uncle/ such

circumstances th,,, equivalency iiestablished by stretching and compressing

the raw score scAe 'If one o` /,he forms so that its distribution will

conform to the shape given by the other form.

The equating of tests using sch theory has been explained in the

previous chapter. this procedure, two test scores are defined as

equivalent if they give rise to the same ability estimates. R w score

equating is accompl-khi by assigning as equivalent that pair of scores

(from two tests) 'or ;'-iich the ability scale difference is a minimum.

Since the ability scales resulting from the test calibration process

have equivalent scale units, only scale origin adjustments are necessary

to bring the two sets of abilities into a common scale. Rasch equating /

consists maiIly of estip-ating these adjustments (equating constants).
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In the Equating Phase of the Anchor Test Study, two equating

`t methods were used. One technical objective of the Equating Phase was

to compare the equating tables that resulted from the linear equating

method and the equipercentile method. Between the two, the equiper-

centile method was judged to be best. One reason for this judgement was

that the linear method resulted in impossible score values such as

negative scores or scores that exceeded the number of items in the

subtest.

The equipercentile method was pplied by a technique developed

4y Lord for using all data on a given test. Thfs technique is somewhat

analogous to our procedure for combining data across various samples.

bird's technique ias applied twice/for each base,test depending on

whether the base test was administered first or second. These two

equatihgs yielded nearly identical results and the resulting two equating

tables were averaged. This protedure, explained fully in the Anchor

Test Study report, is their recommended, procedure. 1 For this reason,

in raking the coTparisons included her', only their

were used.

recommended results

4.2 Data Orqanlzation3 and the Piesentations of'the Equating Results

The primary results of the quatihg Phase of the ATS were tables

for equating each of the seven reading tests to each of the other six

tests. Results were presented separately for gradeS 4, 5, and 6. This

series of equating tables makes it possible to translate a child's score

on any of the seven ests into an equivalent score on any of the other

tests appropriate ford his grade level. Thus, results from each grade

are presented separately.
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Rascn equating study, the seven t;:st, were considered as

t',:_rry-cis-,nt tests by separating them into their various forms and

leve7s STEP havicl anly one 1TBS having three levels, and the

fisie batteries each having two levels yields fourteen priMary

ar:d seca'ca-/ fcr.m,. Th Pasch results are presented with each of the

ry r Ask as a base test with its secondary form and

-r fe-is being equated to it. Therefore, four-

presE:nted, each showing the raw scores for the

Lie ted raw scores for its secondary fOrms and the

t-E ,i"- r r tWO studies are obvious.

:cores shown

grain level. The

c' For each of the four-

,,q,;zAting results

'Js f;; u.; -econdars) form is

results of Resch stJdf
6

.'

Jn of Results

In ,ompere the resu'is of the two studies, the following

o,cc?d.ires ts0(4 Various subsaTples were identified such that they

cox-,:'sd only of those subjects who we administered a pair of

in e sce::ified ..roer. For example, one of these subsamples was

were first ddministe- 'AT Level I Form A and then admin-

i,3nt strike the rc,,a-Jar as pccuiiar that equation of secondary

f;rr-, is necessary; yt.,t, there wr2re tests in the data base whose

s:o7J3ry forms .rc.. u4fficiently lifferent in difficulty from their

;ri:lary corms that they could n..lt be considered parallel.
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istered ITBS Level 12 Form 5. For each selected subsample, the first

test administered eks treated as the base test. For each raw score on

the base test a conditional mean, the raw score equivalent scores deter-

mined by ATS, and the raw score equivalent scores determined by the

Rasch project provide three different estimates of an equated score

Conditional mean square residuals from each estimateWeretilculated.

Tables 4.3.1 through 4.3.9 provide examples of these comparisons. Also,

the distributions of scores on the base test are presented so that the

reader will know what the conditional sample sizes are. The conditional

mean squares are calculated for conditional sample sizes of fewer

than five.

e
l
'esents a !,e--,t iir both of which fit the Rasch

roc-1 fairly well. The tests included in Table 4.3.1 were given to,and

i:si7rIed for For graders only. The sample included 916 subjects who

given the SAT !!,- rmediate I For,. W and then the iTBS Level 10

For-, 5. The (.A, have 63.2, and 57.K.; of their respective slopes

tct.ween .8 and 1.2. The estimated r.-!sults from the equating studies

6iff(2r dot the ws: ay two raw score points with most of these differences

tne lower Kalt o- the raw score scale. The root mean squares for the

upper half o: di,tribution aro roual in most cases; however, these

values in lower ^t of the distribution are smaller for the root

roan squares based on the'equipercentile results.

The tests included in Table 4.3.2 were given to and designed for

fourtn grader ;nly, also. The sanpie in,tludcd 719 subjects who were

f,rst given t'-! MnT Yc.nentary Form F and then the SAT Intermediate I

Furl', W. Th;., z:nalys s was .jade to show the cfrparison using the MAT,
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Lne test used as the Anchor,Test in the ATS, anda test defined as a

test of good fit in relation to the Rasch Model. The estimated results

from the equating studies differ by, (it the most, three rai=l score points

with most of 'he differences in the second half of the raw score scale.

The root mean squares in this example are equal at only six points in

the raw score scale; therefore, the values of the Rasch root mean

squares and the equipercentile root mean squares differ throughout

th,1 remainder of the distribution with the equipercentile values usually

being smaller but by varying amounts.

The tests included in Table 4.3.3 are MAT Elementary Form F and SRA

r3lue Form E administered in that order to a sample of 871. Although this

SR; test vLis designed for grades four.and five, in this administration

only fourtn grades were involved \rcause of its being paired with the

indicated level of MAF. Hence, fo rth grade equipercentile procedures

differ in this analysis by as much as four raw score prints in the second

half of the distribution. The Rasch'root mean squares are usually larger

throughout the analys with the greatest differences in these values

found in the last one-third of the distribution.

in Tables 4--.4 and 4.3.5,-the tests involved were the SAT Inter-

-,,diat,2 II --)rm and MAT Intermediate Form F. Both of these tests Were

designed for tot`- grades five and six. Therefore, in this comparison

(.1,;;rs. 1241 subj,,:cts, Table 4.3.4 sfloWs the analysis using the fifth

eTlipc..cen+,11e results and Tablc 4.3.5 shows the analysis using

the .3ixth g-11L ci,uipercentile results. Conditional means and Rasch

c,ating tab'e:; are identical in both tables. The differences in the

raw score est'r-I-,,s using the Rasch results and the equipercentile results
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for the fifth grade are never more than one raw score point. The

sixth grade comparison using the equipercentile results differ at

some points with the Rasch estimates by two raw score points. In

both of these comparisohs, the root mean squares for the equipercentile

estimate are consistently larger than the root mean squares using

the Rasch estimates. In some instances, these indices are equal, but

the Rasch root mean souares in both comparisons are generally smaller.

Tables 4.3.6 and 4.3.7 show the results of the analysis of MAT

Intermediate Form F and Sat Intermediate II Form W administered to 1431

subjects. in Table 4.3.6, the Rlsrh -esults are compared-to the recom-
,

n2nded results for grade five from the ATS, and in Table 4.3.7, the

Pasch results are compared to the recommended results for grade 6. This

is the same procecire'that was applied in Tables 4.3.4 and 4.3.5 except

that here thc' administration order of the tests was reversed, therefore,

a different samole was used. When the fifth grade estimate of the

equipercentile method was used in Table 4..3.6, the raw score predictions

cl1 n:2r mostly by two and once by three in the later half of the raw

sco,e scale. In most cases when the root mean squares differ, the

(1,;percertile root mean squares are smaller. When the sixth grade

results from the eouioercentile method was used as the estimated raw

score, the predicted Rasch raw score differed at the most and only

occasionally by two raw score points. The root mean squares generally

are smaller for the equipercentile results with an average difference

less than one.

Table 4.3.8 shows results from a relatively poorly fitting test

pair. Table 4.3.8 shows fte analysis of the results where SRA Green
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Fcrr, E and CAT Level 4 Form A were administered to 774 subjects in that

der. Both of these tests were designed for grade 6 only; therefore,

the equated -esults form the ATS were obtained from their-sixth grade

tables`. These two tests have only 47.6% and 47.5% of their items

"respectively with slopes within the range of .8 to 1.2. The predicted

raw scores from the two methods differ at the most by two raw score

points with these being mostly located in the upper part of the raw

score scale. The root mean squares usually are smaller when the equi-

percentile predictions are used.

The comparisons in Table 4.3.9 can be described as similar to

those in Table 4.3.8. Here, CAT Level 4 Form A and ITBS Level 12

Form 5 were administered, respectively, to 836 subjects. Since both

of t+ese rests were designed for use at the sixth grade level only,

only sixth grade equated scores were available from the ATS. The

results shown in Table 4.3.9 differ somewhat from the other comparisons

that have beer made, since the largest differences in raw score estimates

are fund 4n the lower part of the distribution. "Many of the root mean

sJ,Jdres in c6,,prison are equal for the two predictions; however,

for those itr'a-, differ, the equipercentile root mean squares are usually

sra11,r.

4.4 Cf.nclud;nq Convents

A .,:orment on the value of the conditional means is appropriate.

These in no-way are "correct answers." The conditional mean technique

is pest considered a different equating technique that is not used.

A set of r.onditional means is identical to the unsmoothed general

curvilinear regression of the equated test on th^ base test. The
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choice of a regression procedure would require two different equating

tables for each test pair, depending on which test of the pair was

regressed on the other. This aspect of regression technique makes it

an inappropriate one for defining score pairs as equivalent, since it

is- inconsistent with the uniqueness aspect that equated scores must

have.

Moreover, the root mean squares of residuals are also easy to

overinterpret. The root mean square of-residuals around the -conditional-

means are always smaller than the corresponding values for the equated

scores. This results from a wellknown statistical fact--sums of

squares around a mean are always less than sums of squares around

any other value. Thus, the comparative sizes of two root mean squares

do not provide unequivocal corrparisons.of results.

E-haps the best way to evaluate the results presented is a simple

visual inspection of the two vectors of equated scores. Many of the

scores for the two methods of equating are not different. Most

comparisons differ by one or two points, and occassionally by three,

but rarely by four points. In general, the results are strikingly

similar; what deviations there are that do exist are thoroughly

eclip.,,ed by the re-7)ectiy? standard errors of measurement.
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Tablt! 4.3.1

Base Test: SAT Int. I F -m W

Equ.ted Test: ITBS Level lt Form 5

83

Base Test Estimated

Scores Scores

Equated Test Root Mean
Squares of Residuals

Freq Mean R E Mean R E_
1

2

3

4

0.

3.

2.

3.

*

*

*

*

1.

2.

2.

3.

2.

3.

4.

5.

*

*

*

*

*

.*

*

*

*

*

*

*

5 11. 9.5 4. 6. 3.9 6.4 4.8

6 19. 9.7 5. 7. 2.7 5.4 3.8

7 18. 11.3 6. 8. 3.0 6.1 4.5

8 29. 10.0 7. 9. 3.6 4.6 3.7

9 23. 11.7 8. 10. 4.4 5.8 4.7

10 30. 12.2 9. 11. 4.7 5.7 4.8

11 33. 12.4 10. 12. 4.3 4.9 4.3

12 40. 12.7 11. 13. 4.9 5.2 5.0

13 40. 13.3 12. 14. 5.1 5.3 5.2

14. 44. 15.3 13. 15. 4.5 5.1 4.5

15 37. 16.5 15. 16. 4.8 5.1 4.9

16 36. 17.2 16. 1, 5.1 5.2 5.1

17 32. 1b.3 1:. [8. 5.1 5.3 5.1
,c, 39. 17.4 18. 19. 5.5 5.6 5.3

19 51. 19.8 lci. 21. 4.9 5.0 5.1

20 47. 19.9 21. 22. 5.0 5.1 5.4

21 40. 23.5 92. 21. 4.2 4.4 4.2

22 30. 21.9 23. 24. 4.9 5.0 4.9

23 31. 24.2 25. 4.8 4.9 5.1

24 36. 25.6 26. 27. 5.3 5.3 5.5

25 37. 25.5 27. 2,;. 4.2 4.5 4.9

26 2, .. 25.6 2. 2(, 4.8 5.8 5.8

27 3x. 2.8.9, '2'. 30. 3.4 3.6 3.6

28 29. 2'.) 1 31. 31. 3.9 4.3 4.3

29 14. 31.4 11. 39, 3.2 3.3 3.3

30 33. 31.3 33. 33. 4.6 49 4.9

31 13. 30.9 34. 34. 5.0 5.8 5.8

32 20, 32.6 35. 35. 2.9 3.8 3.8

33 8. 32.8 36. 35. 2.0 3.8 3.0

34 3. 34.5 36. 36. 1.3 2.0 2.0

35 2.
* i7. 37. * * *

36

37

6.

. .

'4.8
*

3'.

37.

37.

38.

1.9
*

2.9
*

. 2.9
*

vore 11,)t corp..d frtluencies were le-.s 5.
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Table 4.3.2

Base Test: MAT Level E Form F

Equated Test: SAT Int. I Form W

84

Base Test Estimated
Scores Scores

Equated Test Root Mean
Squares of Residuals

Mean_ Mean R E

1 0. * 1. 0. * * *
2 0. * 1. 1.

* * , *

3 1. E.5 1. 1. 7.5 10.6 10.6

4 1. 8.0 1. 2. 0 7.0 6.0

5 2. 10.3 1. 2. 2.0 9.2 8.2

6 2. 7.0 2. 3. 2.0 5.4 4.5

7 8. 7.6 2. 3. 3.0 6.4 5.5

8 3. 10.0 2. 4. 1.4 8.1 6.2

9 .2. 6.5 3. 4. 1.5 3.8 2.9

10 5. 8.2 3. 5. 1.0 5.3 3.3

11 10. 9.7 4. 5. 3.0 6.5 5.6

12 11. 9.5 4. 6. 4.4 7.1 5.6

13' E. 8.8 4. 7. 2.7 5.5 3.2

14 '1 1."3 5. 7. 3.1 5.0 3.7

15 '-'4. 9.0 5. A. 2.8 4.9 3.0

144 c. 4.4- 6, t6. 1.6 3.4 1.9

1.7 9.2 6. 9. 2.8 4.3 2.8

1,8 10.2 7. 9. 2.3 4.0 2.6

19 7. IC.? 7. ;9. 3.2 5.0 3.7

10.6 8. 10. 2.9 3.9 3.0

24. 12. 10.3 o 10. 2.4 2.7 2.4

22 Z 103 r,. 10. 1.9 2.3 1.9

23 E. 1i.3 10. 11. 5.8 7.2 6.7

2', 71. If. ,8 10. 11. 2.0 2:2 2.0

25 9. , 1f,, A 11. 12. L9 2.1 2.6

1.6 J. 12,a 12. 12. 3.6 3.6 3.6

27 c.). 11.0 13. ,--12.. 3.4 4.0 3.6

2 1.2.7 1'. 1'. 3.2 3.2 3.2
-) , 11.5 lh. H. 3.1. 4.0 3.4

11.1 15. 13. 5.4 5.5 6.2

.,,,. ) 11. 14.0 S. 14. 3.8 3.9 3.8

12 1.. 15.7 '6. 14. 3.5 3.5 3.9

33 14.. 14.- 17. 15. 2.9 3.6 2.9

34 14 I.4 18. 15. 3,3 4.6 3.4

35 .0 1,-. 11 1 19. 16. 3.9 4.3 4.0

36 1?. 1.5-4--- 19. 17. 3.5 4.9 3.8

3' ,:" 1,,) 20. 17. 3.8 4.4 3.9

3S 31. 18.2 21. 18. 3.0 4.1 3.0

39 .9. 18.5 22. 19. 4.2 5.4 4.2

40 30. 18.6 23. 20. 4.1 6.0 4.3

41 21. 21.1 24. 21 . 3,1 4.3 3.1

21.4 25. 21. 3.1 4.8 3.2

44 23.2 26. 23. 4.1 5.0 4.2

29. 24.1 2%. 24. 3.5 4.6 3.5

45 , 36. 24.6 2cl. 26. 4.3 5.5 4.6

46 26.2 29. 28. 4.1. 4.9 4.4

41 26. 28.4 31. 30. 3.8 4.6 4.1

AA 26. 28. 32. 32. 3. 5 4.8 4.8

49 'M. 29.. 2i. 34. 2.5 5.3 5.3

i1ee4. won not compAt4:41 wi)( re fle414!)ncier were le,' , . than 5..
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Table 4.3.3

Base Test: MAT Level E Form F

Equated Test: 'SRA Blue Form E
85.

Base Te;t
Scores

Estimated
Scores

Equated Test Root Mean
Squares of Residuals

1

2

3
4
5

6

7

8

9

10
11
12
1:'

14

15

16
17 I

18

11

D.0

21

22

2..

25

-)/-,

2--'

29
33
31

22
33

.:: 4

'....,c

36
)7

3;

34

40
41

42

43
44

45
Ai;

47
4,

49

Freq Mean

1

1

0

1

Mean

*

*

E

*
*

0

0

a

*

*

*

2 8.5 1 2 * * *

1 8.0 1 2 * * *

2 10.0 1 2 * * *

2 7.0 2 4 . * * *

8 7.6 2 5 3.0 6.4 4.0

3 10.0 ' 2 5 * * *

2 6.5 3 6 * * *

5 8.2 3 7 1.0 5.3 1.5

10 9.7 4 7 3.0 6.5 4.1

11 9.5 4 8 4.4 7.1 4.7

8 8.8 5 8 2.7 4.6 2.8

12 9.0 5 9 3.1 5.0 3.1

9 9.n 6 9 2.8 (4.1 2.8

A 9.0 6 10 1.6 3.4 1.9

1

15
,

9.2
in 7

7

7

10

10

2.8
2.3

3.6
3.9

* 2.9

2.3

7 10.9 8 11 3.2 4.3 3.2

22 l';.6 9 11 2.9 3.3 2.9

12 10.3 9 11 2.4 2.7 2.5

1 10.3 10 12 * * *

S 14.3 11 12 5.8 6.7 6.2

11 10.3 11 12 2.0 2.0 2.3

9 10.1 12 13 1.9 2.6 3.3

9 120 13 13 3.6 3.7 3.7

6 11.0 14 14 3.4 4.5 4.5

11 12.7 15 14 3.2 3.9 3.5

1: 11.5 15 14 3.1 4.7 4.0

S 15.9 16 15 5.4 5.4 5.5

11 14.0 11 15 3.8 4.8 3.9

1!, 15.7 18 16 3.5 4.1 3.5

15 14.R 19 17 2.9 5.1 5.6

2.: 14.9 20 17 3.3 6.1 4.0

11 17.1 21 18 3.9 5.4 3.9

15 15.75 23 19 3.5 8.2 4.9
,,,
.... 17.9 24 20 3.8 7.2 4.4

3: 18.2 25 21 3.0 7.4 4.1

2? '.'.5 26 22 4.2 8.6 5.4'

30 5'5.6 27 24' 4.1 9.3 6.8

:0 21.1 29 15 3.1 8.5 5.0

32 -21.4 30 27 3.1 9.1 6.4

45 21.2 32 29 4.1 9.7 7.i

21 24.1 33 31 ::',.5 9.6 7.8

36 24.6 34 '3 4.3 10.3 9.4

41 26.2 16 35 4.1 10.6 9.7

26 ",.* 37 37 3.8 9.4 9.4

2( 29.'5 39 39 3.5 10.8 10.8

10 29.4 40 40 2.5 10.9 10.9

,w, r( not ' (requen,73 w-re less than 5.



Tab ld 4.3.4

Base Test: SAT Int. II Form W

Equated Test: MAT Int. Form F 86:

surral.A.L.a.R11,.....1M .10,1OXIM.71041111MVOLNI.4.1100l134.1-

Base Test Estimated

Scores Scores

Equated Test Root Mean
Squares of Residuals

1

2

Freq.

0.

2.

Mean

*

*

3 5. 9.0

4 10. 13.3

5 16. 14.8

6 20. 14.0

7 27. 13.8

8 27. 17.3

9 35. 16.8

10 44. 17.6

11 44. 19.1

12 60. 18.3

13 46. 19.4

14 .46. 21.9

15 60. 23.3

4 16 45. 23.0

17 50. 26.1

18 48. 27.8

19 37. 27.9

20 45. 28.4

2' 37. 29.3

22 35. 31.5

23 '44. 32.2.

24 37. 32.8

25 46. 34.1

26 '35. 34.6

27 34. 36.6

28 33. 37.1

29 22. 37.3

30 28. 37.7

31 20. 38.0

32 35. 40.2

33 24. 38.6

3. 30. 41.8

35 15. 40.7

36 13. 43.2

37 20. 44.6

3S 10. 43.3

39 13. 45.2

40 12. 46.0

41 9. 46.9

,42 6. 47.5

43 4. *

44 5. 46.8.

45 1. *

46 1. *

47 3.
.*

R E Mean

2. 3. *

4. 4. *

6. 6. 2.8

8. 7..

10. 9.

1......../.6

4.8

11. 10. 5.3

13. 12. 4.2

14. 13. 3.9

16. 14. 5.2

17. 16. 6.2

19. 17. 4.9

20. 19. 5.6

21. 21. 6.0

22. 22. 5.3,

24. 24. 6.4

25. 25. 5.8

26. 27. 6.c

27. 28. 6.1

28. 29. 5.5

29. ' 31. 6.4

30. 32. 5.1

31. 33. 4.7

32. 34. 5.5

33. 35. 6.1

34. 36. 6.4

35. 37. 4.4

36. 38. 6.7

338-, 40. 4.2

4.7
3.8

38.7.

39.

39. 41. 6.1

40. 41. 3.9

.J.,1: 42. 3.4

43. 2.9

4'. 44. 4.1

43. 44. I 2.7

cs. _6(4,. 2.4

45. 46.

45. 47.

46. 47.

46. 48.

47. 48.

48. 49.

48. 49.

49. 50.

49. 50.

40. 50.

//

2.8
2.2
2.0
2.4

1.6
*

1.5
*

*

*

_._-...:

werr rot computed where frequ#acies were lets than 5.
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R

*

*

E

4.1 4.1,

6.3 7.1

6.7 7.5

6.1 6.6

4.3 4.6

5.2 5.8

5.2 5.9

6.2 6.4

4.9 5.4

5.8 5.6

6.2 6.2

5.3 5.3

6.4 6.4

6.1 6.1

6.4 6:4

6.1 6.1

5.5 5.6

6.4 6.9

5.1 5.8

. 4.7 5.0

5.5 5.8

6.1 6.5

6.4 6.7

4.4 5.0

6.7 6.8

4.7

3.8 4.1

4.2 4.8

6.2 6.9

3.9 4.0

4.1 4.8

2.9 3.2
5.3

2.7 2.8

2.5 2.4

3.2 3.9

2.2 2.9

2.0 2.3

2.6 2.7

1.7 1.7

1.9 2.6 ,

* *

*



Table 4.3.5

Base Test: SAT Int. II Form

Equated Test: MAT Int. Form F

87

Base Te,-
Scores

Fc.timatel

-cr:res

Equated Test Root Mean
Squares of Resi uals

Frea. Vea9 R E Mean

1 0. * 2. 1. * * *

2 2. * 4. 2. * * *

3 5 9.7. 5. 5.* 2.8 4.0 4.8
4 10, 13,3 8. 7. 3.3 6.3 7.1

5 16: 1'.,8 30. 9. 4.8 6.7 7.5

6 23. 14.0 11. 10. 5.3 6.1 6.6

7 ?7, 13.8 13. 11. 4.2 4,3 5.0

8 27. 17.3 14. 12. 3.9 5.2 6.6

9 35.- 16.8 16. 14. 5:2 5.2 5.9

10 44. 17 6 17. 15. 6.2 6.2
II ....... 19.1 19, 16. 4.9 4.9

/6/.7

5.8

12' r. 13.3 2 i. 18. 5.6 5.8 5.6

' .
, :, 19. 6.0 6.2 6.0

5.3 5.3 5.3

6.4 6.4 6.4

24. 5.8 6.1 5.8

1 ..7.. 26. 6..4 6.4 6.4

1
, 9 J. 27. 6.1 6.1 6.1

7 " .n. 13. 5.5 5.5 5.5

r) 1: , 'i 2) 30. 6.4 6.4 6.6
-,

'2 :, , 3 ) '1.i ..._ 5.1 5.1 5.4

1; 12. 4.7 4.7 4.7

_. 31. 5.5 5.5 5.6

). .1'. 34. 6.1 6.1 6.2
,, 1). cs.1 34. 35. 6.4 6.4 6.5

?6 35. 0'. 6 35. 36. 4.4 4.4 4.6
.., -,'.. 31'.s, Y. 37. 6.7 6.7 6.7
4.: 1+. 11.1 37. 38. 4.7 4.7 4.8

.1. _ . 1', 3S, 39.' 3.8 ' 3.8 4.1

11 28. U
.

1.., 40. 4.2 4.2

31 20. 13,0 3). 40. 6.1 6.2 6.5

3: 35. 43.1 41. :.1. '3.93.9 3.9 4.0

3' 2%. ".S.6 41. 42. 1,4 4.1 4%8

", 1r,. q:.'', 41. 43. 2.9 2.9, 3.2

15 15. ,..n. 7 4:. 43. 4.1 4.3 4.7
1., 43 2 4s. 44. 2.7 2.7 2.8

-,. .0. 64.6 44. 45. 2.4 2.4

'.1 11. '43.3 '.5. 45. 2.8 3.2 3.2

3'4 13. 45.2 45, 46. 2.2 2.2 2.4

41,1 P. 4i).0 '.6.' 47. 2.0 2.0 2.3

9. 4,%.9 '.F. 47. 0 2.4 2.6 2.4

f. .!,7,5 4-'. 48. 1.6 1.7 1.7

/ .. k 4fi. '49. * * *

. 5. 46.P, 48. 49. 1.5 1.9 2.6

1. * 4'1. 50. * * *

1. * 50. * * *

I. * 4i, 50. * * *

) t r_ t., ,!t. .d fro if's wer.! 1c o than 5

97



Table 4.3.6

Base Test: MAT Int. 1.orm F

Equated Test,: SAT Int. II Form W

88

Base Test
Scores

Estimated
Scores

4 Equated Test Root Mean
Squares of Residuals

/...__M:?
R E

.

Mean R_Mean

1 2. 8.0 1. 0. * * *

2 0. * 1. 0. * * *:

'3 1. 13.0 1. 1. . * * *

4 2. 6.0 2. 2. * * *

5 1. 5.0 2. 2. .* * *

6 3.. 9.3 3. 3. * * *

7 \ 4. 10.3 3. 4. * * *

8 \.,4. 11.5 4. , 5. 4.4 8.7 7.9

9 10. 7.7 5. 5. 2.9 3.9 3.9

10 7. 11.9 5, 6. 3.6 7.8 6.9

11 18. 8.9 6. 7. 2.9 4.1 3.5

12 25. 10.3 6. 7. 3.4 5.5 4.7

13 32. 11.4 7. 8. 2.7 5.1 4.3

14 31. 10.5 8. 9. 3.2 4.0 3.5

15 2r1 . 10.8 9. 10. 2.3 3.6 2.4

16 :t.,. 12.5 9. 10. 3.3 4.8 4.1

39. I,' 10. 11. 4.2 4.4 4.2

13 29. 12.5 11. 12. 3.1 3.5 3.2

19 31. 12.7 11. 12. 3.9 4.3 4.0

20 29. 14.0 12. 3. 3.6 4.0 3.7

21 21. 14.5 13. 15. 3.8 4.1 4.1

39. 14.5 14. 14. 3.2 3.3 3.3

'3 35. 15.1 14. 15. 3.8 4.2 3.9

2. 35. 15.3 15. 15. 4.2 4.3 4.3

2i 3'a. 11.1 16. 16. 4.2 4.3

26 41. 17.0 17. 16. 4.0 4.0 CI-
27 47. 17.9 13. 17. 4.6 4.6 4.7

28 38. 20.2 19.. .18. 4.5 4.7 5.0

29 50, 19.3 20. 19. 5.1 5.1 5.1

30 40. 19.7 21. 23. 4.1 4.3 4.1

31 40. 21.4 22. 20. 4.8 4.9 5.0

32 44. 20.4 21. 21. 4.8 5.4 4.8

33 42. 22.8 24. 22. 4.6 4.8 4.7

34 10. 23.3 .:5. 23. 6.3 6.5 6.3

35 17. 242 26. 24. 5.3 5.6 5.3

36 57. 26.7 27. 25. 4.6 4.6 4.9

37 '35. 27.3 28. 26. 4.8 4.8 5.0

38 49. 27.7 29. 28. 5.0 5.1 5.0'

39 , 48. 29.6 31. 29. 4.8 5.0 4.9

40 46. 30.0 32. 30. 5.0 5.4 5.0

41 i 14. 32.8 13. 32. 5.3 5.3 5.4

42 / 37.
17.1 34. 33. 4.0 4.4 4.1

43 ' 11-'. 32.7 14. 34. 4.2 5.3 4.4

a.
(-) 34.' 37. 36. 5.3 5.8 5.5

45 32. 37.'1 19. 37. 4.7 5.0 4.7

46 3i. 31.7 40. 38. 3.6 4.3 3.7

47 19. 3'.8 42. 40. 4.1 5.9 4.7

4R !7 3' .5 44. 41. 5.0 7.5 5.6

49 11. '4.5 44. 2.8 5.3 3.7

*Valu.q, -t ftvqueneles were less than 5.
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Table 4.3.7

Base Test: MAT Int. Form F

Equated Test: SAT Int. II "form W

89

Base Test Estimated
Scores Scores

Equated Test Root Mean
Squares of Residuals

Freq. Mean R E Mean R E

1 2. 8.0 1. 1. 1 7.1 7.1

2 0. * 1. 2. * * *

3 1. 13.0 1. 2. 0 12.0 11.0

4 2. 6.0 2. 3'. 2.0 4.5 36
5 1. 5.0 2. 3. 01 3.0 2.0

6 3. 9.3 3. 4. 6.2 8.9 8.2

7 4. 10.3 3. 4. 3.4 8.0 7.1

8 6. 11.5 4. 5. 4.4 8.7 7.9

9 10. 7.7 5. 6. 2.9 3.9 3.3

10 7. 11.9 . 5. 6. 3.6 7.8 6.9

11 18. 8.9 6. 7. 2.9 4.1 3.5
12 25. 10.3 6. 8. X3.4 5.5 4.1

13 32. 11.4 7. 9. 2.7 5.1 3.6

14 31. 10.5 8. '., 9. 3.2 4.0 3.5

15 28. 10.8 8. 10. 2.3 3.6 2.4

16 0 26. 12.5 9. 11. 3.3 4.8 3.6

17 39. 11.2 10. 12. 4.2 4.4 4.3

18 29. 12.5 11. 12. 3.1 3.5 3.2

19 31. 12.7 11. 13. 3.9 4.3 3.9

20 29. 13.7 12. 14. 3.6 4.0 3.6

,... 21. 14.5 13. 14. 3.8 4.1 3.9

22 39. 14.5 14. 15. 3.2 3.3 3.3

23 35. 15.8 14. 15. 3.8 4.2 3.9

24 35. 15.3 15. 16. 4,2 4.3 4.3

25 34. 17.1 16. 17. 4.2 4.3 4.2

26 41. 17.0 17. 17. 4.0 4.0 4.0

27 47. 17.9 18. 18. 4.6 4.6 4.6

28 38. 20.1 19. 19. 4.5 4.7 4,7

29 50. 19.3 20. 20. 5.1 5.1 5.1

30 49. 19.7 21. 20. 4.1 4.3 4.1

31 40. 21.4 22. 21. 4.8 4.9 4.8

32 44. 20.4 23. 22. 4.8 5.4 5.0

33 42. 22.8 24. 23. 4,6 4.8 4.6

34 44. 23.3 25. 24. 4.3 6.5 6.3

35 47. 24.2 26. 25. 5.3 5.6 5.4

36 57. 26.7 27. 26. 4.6 4.6 4.7

37 35. 27.3 28. 27. 4.8 4.8 4.8

38 49. 27.7 29. 28. 5.0 5.1 5.0

39 48. 29.6 31. 29. 4.8 5.0 4.9

40 46. 30.0 32. 31. 5.0 5.4 5.1

41 34. 32.8 33. 32. 5.3 5.3 5.4

42 37. 32.1 34. 33. 4.0 4.4 4.1

43 30. 32.7 36. 35. 4.2 5.3 4.8

44 40. 34.7 37. 36. 5.3 5.8 5.5

45 32. 37.4 39, 38. 4.7 5.0 4.8

46 37. 37.4 40. .c.. 39. 3.6 4.3 3.9

47 19. 37.8 42. 41. 4.1 5.9 5.2

48 17. 38.5 44. 42. 5.0 7.5 6.2

49 11. 41.5 4'6. 44. 2.8 5.3 3.7

*Values were not computed where frequencies were Jess than 5.
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Table 4.3.8

Base Test: SRA Green Form E

- Fqul-ted Test: CAT Level 4 Form A
90

Ease Test
Scores

Estimated
Scores

1

Freq. Mean R_
1.

E_
1.0.

.......

*

2 0. * 2. 1.

3 0. * 2. 2.

4 2. * 3. 2.

5 5. 5.4 4. 3.

6 1. * 4. 4.

7 3. * 5. 5.

8 5. 9.8 6. 6.

9 19. 10.2 7. 7.

10 20. 8.6 S. 8.

11 11. 10.5 8. 9.

12 22. 11.3 9. 10.

13 13. 9.6 10. 31.

14 15.4. 12.7 11. 12.

15 94 12.9 12. 13.

16 it? 13.3 17. 14.

17 11. 14.5 13. 14.

18 23. 15.1 14. 15.

19 21. 16.5 15. 16.

20 22. 16.9 16. 17.

21 / 20. 16.1 17. 18.

22 ./, 24. 19.6 37. 18.

2_. 16. 19.8 18. 19.

24 28. 19.8 19. 20.

25 20. 20.3 20. 21.

26 19. 21.4 21. 21.

27 24. 22.8 22. 22.

28 22. 23.5 23. 23.

29 35. 24.2 24. 24.

30 24. 24.2 25. 25.

31 28. 24.9 26. 25.

32 30. 25.8 27. 26.

33 27. 27.0 23. 27.

34 13. 27.8 29. 23.

15 2). 2.3.4 30. 29.

36 3 ?. 23.9 31. 30.

37 32. 29.r) 3?. 11.

38 25. 31.2 34. 32.

39 37. 31.2 35. 33.

49 23. 32.3 36. 34.

41 1. 33.1 38. 36.

Equated Test Root Mean
Squares of Residuals

,I

Mean R-
..

* *

* *

* *

* *

2.4 2.8

* *

* *

3.5 5.2

3.5 4.7

4.2 4.2

3.7 4.4

4.9 5.4

3.7 3.8

4.1 4.5

4.5 4.6
3.8 4.0

3.8 4.1

3.6 3.7

3.5 3.8

4.0 4.1

4.1 4.2

3.6 4.4

3.3 3.8
4.6 ' 4.6

5.2 5.2

3.9 4.0

4.1 4.1

3.7 3.8

3.5 3.5

2.6 2.7

2.9 3.1

4.3 4.5

'2.8 2.9

2.8 3.0

3.4 3.7

4.0 4.5
2.4 3.5
2.7 3.9

2.8 4.7

2.0 3.7

3.0 5.7

*

5.2

4.7

4.2

4.0

5.1
4.0
4.2

4.5
3.9

3.8

3.6

3.6
4.0
4.5

3.9

3.4

4.6

5.6

4.0
4.1

3.8

3.5

2.7

2.9
4.3

1

2.8

\2.8
\3.4

\4.1

.8

21.3

te2

*Values were n,t cf,:out.d 3,11ere frequen.:es were less than S.
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Table 4.3.9

Base Test: CAT Level 4 Form A

Equated Test: ITBS Level 12 Form 5

91

Base Test
Scores

Estimated
Scores

Equated Test Root Mean
Squares of Residuals

Freq. Mean r Mean R E

1 1. * 1. 3. * *

2 0. * 2,. 4. * * *
3 0. * 3. 5. * * *
4 1. * 4. 6. * *

5 6. 13.3 5. 8. 1.6 8.5 5.6

6 15. 13.3 6. 9. 3.2 7.9 5.3

7 7. 10.6 8. 10. 3.5 4.3 3.5

8 13. 14.8 9. 11. 3.2 6:7 5.0

9 16. 12.8. 10. 12. 3.1 4.1 3.2

10 16. 13.9 11. 13. 3.2 4.3 3.3

11 21. 12.8 12. 14. 4.3 4.4 4.5

12 22. 15.8 14. 15. 5.1 5.4 5.2

13 33. 16.8 15. 16. 3.3 3.8 3.4

14 26 17.5 16. 17. 4.7' 4.9 4.7

15 20. 17.9 18. 18. 5.0 5.0 5.0

16 30. 20.1 19. ' 19. 5.1 5.2 5.2

17 36: 20.9 20. 20. 4.3 4.9 4.4

18 18. 22.2 21. 21. 4.0 4.2 4.2

19 28. 22.8 23. 23. 5.0 5.0 5.0

20 17. 24.2 24. 24. 4.8 4.8 4.8

.. 28. 24.7 25. 25. 4.7 4:7 4.7

22 36. 25.6 27. 26. 4.9 5.1 4.9

23 34. 26.1 28. 27. 4.8 5.2 4.9

24 4'). 27.3 29. 28. 4.4 4.7 4.5

25 34. 30.1 30. 29. 4.5 4.5 4.7

26 33. k.6 32. 31. 4.1 4.4 4.2

27 35. 31.3 33. 32. 4.2 4.5 4.2

28 , 4C. 32.1 34. 33. 5.1 5.5 5.2

29 4C. 12.5 35. 34. 4.2 4.7 4.4

30 34. 33.5 36. 35. 4.3 4.9 4.5

31 29. 35.' 37. 37. 3.9 4.1 4.1

32 27. '36.3 38. 38. 2.8 3.3 3.3

33 25. 35.9 39. 39. 4.5 5.5 5.5

34

35

36

37

38

39

26.

17.

14.

3.

6.

2.

39.3

)7.1

39.?
*

*

40.

41.

42.

43.
44.

45.

40.

41.

42.'

43.

44.

45.

4.1
2.6
3.4

*

1.3
*

4.2

4.7
4.4
*

1.6
*

4.2
4.7
4.8
*

1.6
*

*Val,:,, were not con.I '
.here frequencies were le's,ithan 3.
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Chapter 5

Summary and Conclusions

We would like to conclude this report by discussing three issues

that we feel ought to be addressed. The issues are model-data fit,

errors, and the National Reference Scale for Reading (NRS). Also, we

discuss the use of item scale values for constructing new tests and

interpreting such tests with the National Reference Scale. These

comments will be followed by restating the project objectives, directing

the reader to relevant sections of the report, and briefly restating,

conclusions when relevant.

5.1 Some Comments

In one sense model-data fit is the central issue in this report.

If the Rasch model fits the tests used here, then its consequences

simplify the equating problem. We have presented a number of ways to

evaluate fit and we have attempted to persuade the reader that fit

.criteria can and ought to be different for different applications. We

do not believe that a routine application of some statistical test is

adequate or even correct. The problem refuses to be tied in a nice

neat package. The tests used here are neither very good nor very bad.

Their fit is mediocre, and, in fact, rather homogeneously mediocre;

yet, we believe the degree, of model-data fit is sufficient for test

equating applications. One thing is clear, we need to learn more about

model-data fit and the robustness of the Rasch Model for test analysis
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applications.

One probably ought not to equate tests, at 'least in the sense of

raw score-to-raw score equating. It certainly is an unnecessary step

since it requires the tests to be put on a common scale before equivalent

raw scores can be determined, and that process itself is sufficient.

Going one step further, to raw score equating, leads to assignment

errors (i.e., those errors resulting from calling two raw scores equal

when their ability difference is not zero). These errors are not

inconsequential, as Table 5.1.1 illustrates.

That Table presents a typical score (19) on STEP II Vocabulary

together with several error estimates associated with that score. These

errors are shown in both log ability units and NRS units. The standard

error of measurement, stability index for occurrence, and the four

sample size stability values pertain to the score itself; while the

equating constant error and the stability indexes for race and IQ are

averaged for the test. Finally, the average assignment error was taken

over the scores of the 14 other tests to which the score of 19 was equated

(see Table 10, Appendix E). We present these values to give the reader

a quick summary of the size of errors from various sources as compared

with the standard error of measurement. Naturally, these errors are not

independent, but it is interesting to note their relative size and partic-

ularly the fact that assignment errors are as large or larger than any

other source. However, for all practical purposes, the various errors

are quite small in comparison to the standard error of measurement. It

is important to note that assignment error occurs in traditional methodology

such as that used in the ATS. That is, even if one does not choose to,

103



Table 5.1.1

A Comparison of Various Error Sources for a Raw Score

of 19 on STEP II Level 3 Form A Vocabulary

Log Ability NRS

Raw score = 19 .746 207

Standard error of measurement .45 4.5

Average assignment error .0414 0.4

Equating constant error .0085 0.1

Stability

N = 500 .0133 0.1

N = 1000 .0100 0.1

N = 2000 .0072 0.1

N = 4000 .0062 0.1

Occurence .0178 0.2

Race .0266 0.3

IQ .0422 0.4

94
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use trait methods, raw score to raw score equating yields assilphient

errors. Two scores on different tests must correspond to slightly

different ability levels. Assignment error can be avoided only if one

uses scaling methods that generate reference scales like our NRS.

5.2 The National Reference Scale for Reading

Because a common Rasch Model linty scale was necessary for equating

and since we feel that in prinCiFie this scale is a natural and obvious

one for calibrating and reporting scores, we have produced a transforma-

tion of the adjusted ability values and called it the National Reference

Scale for Reading. The NRS 'is a simple linear transforMation of the

log ability values corresponding to a test's raw scores. The transfor-

mation is: NRS = 200 10(A C), where-A is the ability estimate for

a given raw score on a particular test given in the tables in Volume II

and C is the equating constant for that test. This scale spans all tests

and all levels. it essentially provides both horizontal and vertical

equating of the tests, and does not depend on who happens to take the

test and which test they take.

We chose this particular transformation for several'practical

reasons: (1) log ability is a scale that is not familiar to very many

potential test users, it is frequently confusing and sometimes difficult

to communicate; test users are more comfortable with an "integer" scale.

(2) the lowest score in the easiest test is 144 and the highest score on

the hardest test is 263 (for the tests used here), a difference of 119

units, when one significant 'digit of the log ability scale is carried.

Thus, a three digit scale is required to span the score range. (3) it is
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:..

our desire to eventually add lower level tests and upper level tests

(or to see it done) to this NRS for reading; thus sufficient "floor"

and "ceiling" needed to be provided. Centering the scale where we

did ought to provide room at both ends.

5.3 Estimating National Reference Scale Scores from any Collection

of Items

In Volume II we proivde, foe each test, item and ability parameter

estimates, NRS scores for all raw scores, and the adjustment constant

for each test. With the item calibrations and the adjustment (equating)

constant, it is a simple matter to produce a test scoring table of raw

scores, NRS score equivalents, and standard errors of measurement for

any test of any length using any collection of the 2,644 items from

any of the tests. For example, suppose you wanted to put together a

28 item test composed of one item from each of the 14 primary forms

of the tests included here, both vocabUlary and comprehension. The
0

steps to follow are:

1. Select the items you wish to administer.

2. Record their item calibration value (labelled "LOG
EASINESS") from the tables in Volume II.

3. Subtract the test's equating constant to its' corresponding..____.

Item Log Easiness.

4. Enter these adjusted item easiness values into the short
FORTRAN computer program provided in Appendix G to
estimate NRS scores.

5, The output would be a scoring table with raw scores (1-27)

their equivalent NRS scores, and corresponding standard
errors of measurement.

1 0 13
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5.4 Summary

Objective 1. To describe the using

the Rasch Model. Both general Rasch equating methods and the specific

techniques used in this report appear in Chapter 3 of this Volume.

Rasch equating consists first of adjusting el ability estimates in one

test by a change of scale origin. The amount of change is the equating

constant. A second step js the matching of ra/ scores on the tests

to be equated. It is recommended that this second step, the raw

score-to-raw score equating be deleted in future equating studies in

favor of raw score-to-common reference scale'equating.

Objective 2. To provide basic item analysis data for each test in

the data base. These data appear in Volume II. The first part of

Volume II gives traditional and Rasch item parameter estimates for all

tests. The second part of Volume II summarizes, the item information

for each test and has presentations of the relationships of 'selected

iten statistics to the item mean square fit index.

Objective 3. To evaluate the fit of the Rasch Model with respect

to those tests that were part of the base data. Concepts of fit and

procedures for evaluating fit were discussed in Chapter 2. It is

recommended that test fit be determined primarily by the degree to which

specific objectivity is observed in the data. In particular, specific

objectivity in regard to scoring tables is relevant for assessing appro-

priateness of the model for use in equating. The evidence supports the

use of Rasch techniques for equating these tests. Moreover, the tests

appear to have little variance in regard to fit considerations.
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Objective 4. To investigate the stability of Rasch Model parameter

estimates under conditions of varying-jsample size and simple composition.

Chapter 2 presents th,e analyses appropriate to this objective. The

primary conclusion is that data do appear to be highly consistent across

various sample sizes and compositions. However, anomalies are present

in some data in regard to intelligence or racial group differences.

We believe these preceived differences to be of minimal consequence in

, regard to equating, but are of some theoretical interest. In no case

do differences in scorlpg tables for different groups approach standard

errors in magnitude.

Objective 5. To provide tables of equated scores based on Rasch

Model methods. Equating tables for raw score-to-raw score equating

-

appear in Appendix C and D of,Volume I. Volume II presents raw score-

to National Reference Scale calibrations.

Objective 6. To estimate the equating error associated with the

use of the above equating methods. Equating, error estimates and estima-

. tion procedures appear in Chapter 3 of this Volume. Appendix E and F

of this volume present measures of assignment error. Asignment error

appears to be small, but significant, error source which can be eliminated

by the use of the National Reference Scale. Other error sources appear

tt, be, inconsequential when compared to usual standard errors of

measurement.

Objective 7. To compare the results of equating with those obtained

in the Anchor Test Study. The discussion of comparisons of the two

projects appears in Chapter 4 of this Volume. In most instances,

differences in our equatings and Anchor Test Project equatings are

inconsequential.
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Appendix A

Stability of Parameter Estimates Over
Occurrence in the Design



TABLE 1

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= CAT 3 7A Occurrences= 10 Parameters= ITEM

Item or

Score

First Tests

Std. Dev.

Second Tests

Group Mean Mean Std. Dev.

1 2.049a 0.2327 1.9775 0.1840

2 2.4548 0.1697 2.3706 0.2208

3 1.7240 0.1648 1.6130 0.1185

4 1.9373 0.1464 1.6958 0.1393

5 1.1049 0.2815 1.1003 0.3493

6 0.6460 0.1600 0.6604 0.1109

7 1.5186 0.1571 1.4195 0.2290

8 1.6226 0.1214 1.5306 0.1001

9 1.5709 0.1061 1.3821 0.1403

10 0.7353 0.1344 0.6373 0.1394

11 1.5305 0.1373 1.4601 0.1184

12 0.5222 0.2091 0.3584 0.2089

13 0.5903 0.0579 0.5702 0.0974

14 -0.0221 0.0977 -0.0961 0.1232

15 0.5342 00.1490 0.4046 0.1563

16 0.2409 0.1634 -0.0254 0.1293

17 0.1926 0.14'36 0.1370 0.1447

18 0.7800 0.1163 0.6600 0.1214

19 -0.0311 0.1755 -0.1684 0.1558

20 -0.7584 0.0749 -0.7578 0.0770

21 -0.0279 0.0802 -0.0639 0.1110

22 0.3871 0.0729 0.3438 0.0699

23 -0.7520 0.1119 -0.7159 0.1602

24 -0.3077 0.0720 -0.2661 0.0968

25 0.1385 0.0743 0.0307 0.1183-

26 -0.6314 0.1193 -0.5735 0.1348

27 -0.7217 0.0748 -0.7015 0.1213

28' -0.2365 0.1226 -0.2725 0.0699

29 -0.8390 0.1297 -0.8972 0.1211

30 -0.9109 0.0934 -0.7418 0.1286

31 -1.0227 0.1048 -0.9614 0.0796

32y -1.1413 0.0830 -1.0405 0.0873

33 - 1.2332 0.1265 -1.0751 0.1395

34 -1.0473 0.1035 -0.8406 0.1211

35 -1.2496 0.1239 71.1157 0.1370

36 -1.2092 0.0770 -0.9508 0.0952

3 -1.4660 0.1414 -1.2705 0.1889

36 -1.8544 0.1104 -1.4964 0.0975

39 -1.9813 0.0674 -1.7474 0.1721

40 -2.8325 0.1297 -2.5738 0.1493
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TABLE 2

Stability of Parameter Estimates as a Function 103

of Occurrence in the Design

Tests= CAT 4-A Occurrences= 7 Parameters= ITEM

Item or

Score,GrouR

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.'

1 1.5103 0.0941 1.4750 0.1040

2 1.1076 0.0990 0.9589 0.0854

3 2.6943 0.1812 2.4806 0.2082

4 1.5637 0.0973 1.6091 0.1682

5 1.2744 0.0670 1.1789 0.0697

6 0.6629 0.1129 0.5369 0.1437

7 0.7447 0.1258 0.6680 0.0504

8 1.2667 0.0720 1.2139 0.1400

9 1.0073 0.0867 0.9904 0.0880

10 1.1230 0.0770 0.9093 0.0850

11 0.4564° 0.1828 0.3459 0.1666

12 1.3781 0.0888 1.1644 0.1596

13 0.9286 0.0624 0.8456 0.0418

14 -0.4697 0.0999' -0.3316 0.2546

15 1.1181 0.0847 , 0.9530 0.0868

16 '1.4509 0.0785 1.2400 0.0387

17 0.3716 0.0874 0.3410 0.1318

18 0.7283 0.0668 0.6576 0.0705

19 0.4987 0.0978 0.3676 0.0643

20 0.6241 0.1218 0.5301 0.0755

21 0.1446 0.0416 0.0611 0.1407

22 -0:4406 0.1071 -0.5246 0.1457

23 -0.5029 0.0403 -0.5793 0,0783

24 -0.1074 0.0812 0.0270 0.0809

25 0.2233 0.0660 0.24E1 0.1043

26 -0.0620 0.1217 0.0040,:,:: 0.0778

27 -0.4469 0.1029 -0.4879 0.0996,

28 -0.7099 0.0896 - 0.5993. 0.1141

29 -1.0941 0.1799 -1.1059 0.1775

30 -1.0204 0.1919 -0.9110 0.1227

31 -1.1363 0.0533 -1.1147 ,,0.0547

32 -0.8220 0.0900 -0.6901 0.0816

33 -1.9897 0.0853 -1.8253 0.1474

34 -1.3496 0.0891 -1.2521 0.1030

35 -1.6323 0.1125 -1.3854 0.1295

36 -1.6946 0.1204 -1.3864 0,1166

37 -1.5391 0.1322 -1.3231 0.1308

38 -1.9686 0.1041 -1.7111 0.1744

39 -1.5403 ' 0.0670 -1.3906 0.1350

40 -2.3500 0.2286 -1.9856 p.1321

r.
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TABLE 3

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests = CTBS 2-Q Occurrences= 10 Parameters= ITE

Item or
Score Group

First Tests

Std. Dev.

Second Tests

-Mean Mean Std. Dev.

1 2.4241 0.1388 2.5987 0.2087

2 2.3136 0.1213 2.1740 0.2091

3 1.2572 0.1535 1.2316 0.1542

4 0.5229 0.0972 0.5432 0.1380

5 0.8761 0.1661 0.8435 0.1876

6 0.6404 0.1163 0.6557 0.1107

7 1.4797 0.2109 1.3911 0.1426

8 0.9069 0.2171 0.7739 0.1545

9 0.7404 0.2663 0.6906 0.3134

10 0.5865 0.0886 0.5224 0.0968

11 1.2698 0.2059 1.1828 0.1545

12 0.2228 0.1342 0.3252 0.1103

13 0.6045 0.1022 0.5806 0.1342

14 0.1812 0:0821 0.1667 0.1506

15 0.4984 0.1264 0.4481 0.1096

16 0.1178 0.1075 0.1492 0.0935

17 0.7898 0.1488 0.7133 0.1479

18 0.4229 0.2134 0.3205 0.2284

19 0.8176 0.0802 0.7135 0.1446

20 -0.3107 0.1495 -0.2900 0 0657

21 -0.3622 0.1018 -0.3479 0.0933

22 -0.7076 0.1293 -0.7281 0.0896

23 -1.1153 0.1640 -0.9798 0.1508

24 -0.9618 0.1131 -0.8868 0.1573

25 -0.4012 0,1498 -0.3666 0.1626

26 -0.4732 0.1957 -0.3787 0.1745

27 -0.1406 0.0629 -0.2162 0.0833

28) 0.4969 0.1195 0.3888 0.1326

29 -0.6873. 0.0751 -0.7143 0.1394

30 -11.1759 0.1326 -1.2138 0.1350

31 -1.4752 0.1005 -1.6119 0.1362

32 -0.2592 0.1370 -0.2548 0.2499

33 - 1.1755 0.0966 -1.1643 0.0712

34 0.1962 0.0564 - 0.2757 0.1037 e?

35, -1.5701 0.2729 -1.4737 0.2560

36 -0%1844 0.0941 -0.1261 0.1059

37 -2.3909 0.1152 -2.2475 0.2741

38 -1.7958 0.1015 -1.7237 0.1404

39 -1.2081 0.2189 -1.1042' 0.1592

40 -0.9703 0.1337 -0.8606 0.0676

A
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TABLE 4

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= CTBS 3-Q Occurrences= 7 Parameters= ITEM

Item or
Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 2.1617 0.1307 2.0050 0.1781

2 1.5453 0.1229 1.5389 0.2211

3 1.4250 0.0935 1.4614 0.0868

4 1.7135 0.0802 1.6311 0.2202

5 1.0082 0.0673 1.0456 0.1034

6 0.8577 0.1029 0.7851 0.1122

7 0.3620 0.0963 0.3700 0.1671

8 0.8883 0.0717 0.7841 0.1961

9 0.4757 0.0800 0.5687 0.1310

10 0.3087 0.0954 0.2241 0.0878

11 1.0043 0.1086 0.9460 0.1387

12 0.4457 0.1117 . 0.3687 0.0972

13 1.2968 0.1086 1.2693 0.0835

14 0.6450 0.0902 0.5311 0.1085

15 0.3168 0.0960 0.3517 0.1251

16 -0.1068 0.0997 -0.2466 0.1106

17 -0.2362 0.0397 -0.2370 0.0378

18 -0.1855 0.0518 -0.0064 0.2137

19 -0.5788 0.0825 -0.5680 0.1062,

20 0.0488 0.1244 0.0280 0.0918

21 0.0023 0.0720 -0.0546 0.1287

22 1.0767 0.0719 0.9363 0,.1202

23 -0.8563 0.0663 -0.8986 0.2024

24 -0.3430 0.1357 -0.4166 0.1035

25 -0.4885 0.1119 -0.3976 0.0637

26 -0.6660 0.0593 -0.6836 0.1859

27 -0.5478 0.0738 -0.5061 0.0843

28 -1.1972 0.2102 -1.1296 0.4074

29 0.0275 0.0567 0.0581 0.1005

30 -0.2238 0.1012 -0.2600 0.0913

31 -0.7575 0.1926 -0:6583 0.1570

32 -1.3503 0.0973 -1.3451 0.0410

33 -0.6725 0.1290 -0.6906 , 0.1317

34 -0.9588 0.1057 -0.9140 0.1070

35 -0.7697 '
0.0784 -0.6949 0.0914

36 -1.2183 0.1349 -1.0719 0.1291

37 -0.2035 0.1172 -0.0766 0.1142

38 -1.5220 0.0801 -1.4830 0.2070

39 -1.3422 0.1289 -1.2029 0.1039

40 -1.3862 0.0529 -1.3619 0.1388
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TABLE 5

Stability of Parameter Estimates as a Function

of Otcurrence in the Design

Occurrences= 7 Parameters= ITEMTests= ITBS 10-5

Item or

Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 0.9644 0.1153 0.8813 0.0742

2 0.3614 0.0818 0.4270 0.0619

3 0.5631 0.1270 0.6207 0.1459

4 0.3366 0.1512 0.3126 0.0984

5 1.4673 0.1932 1.3491 0.1392

6 -0.0159 0.0910 -0.0833 0.1485

7 0.6244 0.1468 0.6636 0.1233

8 1.1366 0.0654 1.0116 0.1553

9 0.3806 0.1156 0.3727 0.1111

10 0.0889 0.0938 0.0667 0.1355

11 0.1189 0.1794 0.1994 0.2358

12 1.2013 0.1316 1.1047 0.1046

13 0.5003 0.1120 0.4140 0.1266

14 0.1190 0.1081 0.0669 0.0385

15 0.1967 0.1262 '0.1796
-;-

0.1136

16 -0.0707 0.1508 -0.2709 0.0360

17 1.0481 0.0498 1.0269 0.1097

18 0.1746 0.0856 0.2077 0.1176

19 0.2993 0.1182 0.2284 0.1026

20 -0.6230. 0.1011 -0.5016 0.1914

21 -0.6319 0.1467 -0.6900 04944

22 -0.1323 0.1068 -0.1733 0.1027

23 -1.0774 0.1778 -1.0673 0.2265

24 -0.1549 0-0784 -0.1084 0.1265

25 0.4214 0.0796 0.4037 0.1159

26 -0.0087 0.1049 0.0667 0.1336

27 -1.3621 0.1440 -1:3677 0.1167

28 -0.2820 0.0870 -0.2323 0.0703

29 -0.9530 0.1385 -0.9620 0.1086

30 -0.9494 0.1929 0.9701 0.1429

31 -1.2101 0.2462 -1.1777 0.1413

32 -0.4654. 0.1501 -0.4540 0.0878

33 -0.3703 0.1462 -0.2616 0.1391

34 -0.3391 0.1473 -0.2111 0.0856

35 -0.1103 0.1637 -0.1020 0.0634

36 -0.0290 0.1929 -0.0021 0.1157

37 -0.7917 0.1017 -0.6383 0.1859

38 -0.4261 0.1248 -0.3291 0.1291
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TABLE 6

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= ITBS' 11-5 Occurrences= 7 Parameters= ITEM

, .

First Tests Second Tests

Item or
Score Group Mean Std. Dev. Mean Std. Dev.

107

1 0.5319 0.1414 0.4641 0.1796
2 1.0351 0.1398 0.9440 0.1739
3 0.2713 0.1038 0.1477 0.1203
4 1.4191 0.1905 1.2840 0.1658
5 0.7973 0.1065 0.7630 0.0705
6 0.8113 0.1592 0.7226 0.0966
7 0.2530 0.1468 0.2579 0.1377
8 -0.0320 0.0634 -0.0171 0.1209
9 0.5607 0.1146 0.5416 0.0678
10 -0.4419 0.1349 - 0.521Q 0.1305
11 0.5151 0.0617 0.3910 0.1221
12 0.9530 0.1751 0.9143 - 0.1013
13 0.4780 0.1310 0.4407 0.1208
14 -0.8807 0.1143 -0.8839 0.0870 Y

15 0.4661 0.0916 0.4113 0.1052
16 -0.3209 , 0.1980 -0.3313 0.1202.
17 -0.5431 0.1362 -0.6570 0.0982
18 -0.8744 0.2679 -0.8674 0.1773

-19 0.1600 0.0783 . 0.1090 0.1411
20 0.1597 0.0873 , 0.2124 0.1085
21 0.2897 0.0670 0.2097 0.1219
22 0.4409 0.0804 0.3646 0.0669
23 0.6864 0.0921 0.5466 0.1605
24 =0.0869 0.1139 -0.0191 0.1339
25 0.3574 0.0990 0.1730 0.1081
26 -0.0969 0.0890 -0.0091 0:0820 ..,

27 -0.3544 0.0819 -0.3034 0.1414
28 0.0904 0.1416 0.0487 0.0918
29 -0.2283 0.0842 -0.1091 0.1156
30 -0.0764 0.2122 -0.1064 0.1172
31 0.1353 0.1078 0.1307 0.0920
32 -0.3660 0.2745 -0.2366 0.0837
33 -0.1304_ 0.1389 -0.1276 0.1191
34 -0.5649 0.0662 -0.5110 0.0484
35 -1.3156 0.1737 -1.1819 .0.1066
36 0.1460 0.0672 0.1997 0.0677
37 -0.8843 0.1252 -0.8327 0.1223
38 -0.6320 0.1538 -0.4821 0.1104
39 -0.1641 0.1267 -0.0873 0.0903
40 0.5797 0.1085 0.6589 0.0969
41 -2.1354 0.1515 -1.9664 0.1216
42 -0.4880 0.1235 -0.3641 0.0481
43 -0.5196 0.0993 -0.3196 0.1305

...
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TABLE 7

Stability cf Parameter Estimates as a Function

of Occurrence in the Design

Tests= ITBS 12-5 Occurrences= 7 Parameters= ITEM

Item or
Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 0.3483 0.1556 0.3180 0.0855

2 -0.3824 0.0611 -0.4784 0.1190

3 0.5259 0.0443 0.5726 0.1387

4 0.6730 0.0986 0.6640 0.1048

5 0.9774 0.1122 0.8949 0.1492

6 0.J8991 0.1580 0.9137 0.1067

7 1.2529 0.1333 1.1313 0.0963

8 0.6650 0.1341 0.6440 0.1208

9 0.8814 0.1429 0.8530 0.1263

10 0.5927 0.0581 0.5287 0.0869

11 0.1550 0.0642 0.2017 0.1380

12 1.0674 0.1092 0.908n 0.1614

13 0.3121 0.0933 0.2803 0.1160

14 0.6157 0.1298 0.5697 0.1396

15 1.0050 0.1220 1.0316 0.0367

16 0.8046 0.1328 0.7581 0.0839

17 0.690L 0.1364 0.6206 0.0909

18 0.2493 0.0330 0.3176 0.1152

19 - 0.4R94 0.1936 -0.5011 0.1706

20 1.0719 0.1117 0.9861 0.1106

21 -0.0941 0.1133 -0.1153, 0.0541

22
,

-0.0183 0.2016 0.0473 0.1168

23 0.8173 0.1627 0.8284 0.1383

24 1.5011 0.1217 1.3339 0.1398

25 -1.4440 0.1576 -1.3469 0.1027

26 0.3573 0.0873 0.3003 0.1140

27 0.3104 0.1010 , 0.3864 0.0899

28 -0.3207 0.0768 -0.3379 0.0717

29 -0.134'0 .0.16,35 °-0.0703 0.1255

30 -0.5713 0.1490 70.5169 0.1439

31 -1.4844 0.1350 -1.3833 0.1741

32 -0.0404 0.0678 -0.1219 0.0739

33 -1.1316 0.1033 -1.1027- 0.1511

34 -1,3811 0.0984 -1.3057 0.0723

35 0.2459 0.1068 0.2217 0.0730

36 - 0.516L 0.1060 -0.3989 0.1641

37 -0.7723 0.1188 -0.6506 0.1252

38 0.4534 0.1045 0.4351 0.1206

39 -0.0463 0.0962 -0.0879 0.0846

40 -0.7716 0.1164 -0.7640 0.1000

41 -0.7023 0.0788 -0.6739 0.0957

42 -0.6829 0.0218 -0.6P59 0.0824

43 '-0.3851 0.0883 -0.4159 0.1059

44 -1.0391 0.1483 -0.9013 0.1412

45 -0.7741 0.0803 -0.7471 0.0950

46 -3.3126 0.2602 -3.1317 0.3282
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TABLE 8

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= MAT E-F Occurrences= 7 Parameters= ITEM

Item or

Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 1.2677 0.3207 1.2336 0.4564
2 2.3920 0.2155 2.3931 0.2695
3 2.2167 0.3333 2.1144 0.2506

4 0.9744 0.1601 0.9407 0.1714

5 1.8694 0.1415 1.7806 0.1891

6 1.9656 0.1478 1.8623 0.1812

'7 1.8903 0.1923 1.8001 0.2856

8 1.1366 0.1040 1.2974 0,1666

9 1.3049 0.1475 1.3789 0.1776

16 0.7214 0.2107 0.7033 0.1588

11 1.3890 0.1484 1.3799 0.2173

12. 0.9313 0.2344 0.8729 0.1762

13 0.7043 0.1349 0.6599 0.1617

14 .8863 0.1543 0.6793 0.1911

15 0.2'707 0.1613 0.2777 0.2196

16 0.5697 0.1499 0.4867 0.1899

17 0.9280 0.1980 0.7841 0.0856

18 0.5513 0.1608 0.5343 0.1980

19 n.0506 0.2299 -0.1591 0.1548

20 1.2351- 0.1947 1.0781 0.1026

21 0.3646 0.1678 0.2201 0.1041

2/ 0.0544 0.1396 -0.0191 0.1579

23 0.3781 0.1290 0.4076 0.1834

24 -0.6839 0.1208 -0.5843 0.1645

25 0.0801 0.0897 0.0674 0.1265

26 -0.2837 0.1865 -0.4266 0.0760

27 0.1056 0.1011. -0.1174 0,1215

29 -0.0894 0.1218 -0.1067 0.1301

29 -0.4224 0.1083 -0.4159 0.0785

30 0.0079 0.1540 -0.0211 0.0941

31 -0.3364 0.1060 -0.2303 0.1127

32 -0.0410 0.0731 -0.0939 0.1635

33 0.0731 0.1475 0.0921 0.1036

34 -0.7484 0.1172 -0.6471 0.1195

35 -0.5623 0.2130 -0.3984 0.2219

36 -0.6723 0.0924 -0.6879 0.1926

37 -0.4650 0.1469' -0.4641,
/

0.1210
19 -0.2577 0.0760 -0.2396 0.0621

',4 -0.8949 0.1257 -0.8386 0.2336

40 -0.8680 0.0744 ' -0.8340 0.0898

41 -0.9440 0.1230 -0.8226 0.1039

42 -1.0474 0.1028 -1.0434 0.1154

43 -1.3386 0.1498 -1,1797 0.1388

44 -2.3024 0.1941 -2.1786 0.2217

45 -1.5264 0.1306 -1.4651 0.1899

46 -1.4263 0.1149 -1.3141 0.1322

47 -1.8746 0.1624 -1.6839 0.1829

48 -2.3379 0.1281 -2.1850 0.2626

49 -2.5801 0.2478 -2.3687 0.1548

50 -2.8087 0.3424 -2.7539 0.4082
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TABLE 9

Stability of Parameter Estimates as a Function 110

of Occurrence in the Design

Tests= MAT I-F

First Tests

Occurrences=

Std. Dev.

11 Parthileters= ITEM

Second Tests

Item or
Score Group Mean Mean Std. Dev.

1 1.7875 0.1231 , 1.7282 0.1834

2 1.8618 0.2293 1.7672 0.2128

3 2.8746 0.2053 2.6418 0.1686

4 1.7913 0.1214 1.7307 0.1604

5 1.3184 0.1900 1.2148 0.1187

6 2.2526 0.2103 2.0461 0.1503

7 0.9868 0.1119 0.9337 0.1381

8 1.8265 0.2051 1.7251 0.1591

9 -1.4533 0.1634 -1.3423 0.2389

10 1.0074 0.0994 0.8492 0.1460

11 1.1738 0.1394 1.0371 0.1628

12 0.8155 0.0801 0.7990 0.0992

13 0.9325 0.1730 0.7528 0.1957

14 0.4475 0.0991 0.4350 0.0901

15 1.0874 0.1672 1.0626 0.1472

16 0.8314 0.1488 0.6883 0.1548

17 0.2849 0.1008 0.3303 0.3278

18 0.4831 0.1145 0.4448 0.0834

19 0.4740 0.'056 0.4559 0.1383

20 -0.5038 0.1872 -0.5255 0.1508

21 0.0946 0.1798 0.03'76 0.2007

22 0.7900 0.1282 0.6945 0.1199

23 0.4773 0.1511 0.4585 0.1731

24 0.4128 0.1450 0.6327 0.1835

25 0.1219 0.1249 0.0827 0.1410

26 -0.5192 0.0940 -0.5216 0.1021

27 0.2428 0.1605 0.2332 0.1230

28 0.4071 0.1581 0.3362 0.1922

29 - 0.0671 0.1128 -0.1038 0.1377

30 -1.5095 0.2384 -1.3536 0.2625

31 0.4855 0.1131 0.5235 0.0919

32 -0.3167 0.1350 -0.2931 0.1651

33 -0.1337 0.1077 -0.1230 0.0890

34 79.5328 0.1559 -0.3949 0.1213

35 -0.8668 01173 -0.8987 0.1040

36 -0.9211 0.1283 -0.8302 0.1333

37 -0.4095 0.0876 -0.3632 0.0832

38 -1.2160 0.1251 -1.1051 0.1583

.39 -0.6285 0.1652. -0.6635 0.1071

40 -1.2858 0.1446 -1.1510 0.1617

41 -0.7673 0.1659 -0.7702 0.1414

42

43

44

-0.9502
-1.7572
-0.7424

0.1191
0.1888

0.1217

-0.9877
-1.7195
-0.6772

t,
0.1121
0.1925
0.1070

45 -1.5903 0.1287 -1:4580 0.1757

46 -1.5681 0.1565 -1.5159 0.1767

47 -1.4717 0.1090 -1.3222 0.1450

48 -2.2412 0.1453 -1.9761 0.1025

49 -1.5863 0.1535 -1.4638 0.1216

50 -2.2303 0.1414 -2.0824 0.1987
1Z0



TABLE 10

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= STEP 4-A Occurrences= 14 Parameters= ITEM

Item or

Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 1.7416 0.2328 1.7167 0.1469

2 2.5837 0.2235 2.1999 0.2088

3 2.1171 0.1400 1.9146 0.1675

4 1.3245 0.1227 1.1936 0.1358

5 1.6301 0.1305 1.4144 0.1234

6 1.1964 0.1469 1.1429 0.1595

7 1.8640 0.1686 1.6784 0.1580

8 1.4082 0.1598 1.1684 0.1907

9 1.4436 0.1804 1.2752 0.1891

10 0.1004 0.1084 0.1324 0.1593

11 0.0825 0.1624 0.0784 0.1399

12 0.6194 0.1885 0.5046 0.1161

13 0.9569 0.1376 0.7966 0.1172

14 0.5309 0.1780 0.5344 0.1623

15 0.2739 0.0980 0.1696 0.1674

16 -0.1106 0.1236/ -0.0166 0.1144

17 0.5616 0.09661 0.5140 0.1108

18 -0.1144 0.0792 -0.1523 0.1137

19 -0.0388 0.098 -0.0396 0.0827

20 -1.6746 0.170 -1.5214 0.1008

21 -1.5397 0.0760 -1.3701 0.0990

22 -0.9489 0.0 8 5 -0.8854 0.1247

23 -0.5434 0.20 5 -0.5039 0.2170

'24 -1.6559 0.1 57 -1.3937 0.1650

25 -1.6771 0.1126 -1.5816 0.0996

26 -1.0174 0.0817 -0.8279 0.0785

27 -2.0459 04089, -1.8907 0.2473

28 -2.0142 0.1387 -1.8177 0.0802

29 -2.6077 011857 .-2.391 0.1665

30 -2.4453 00_499 -2.1035 0.1391
I

A
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TABLE 11

Stability of Parameter Estimates as a Function

of Occurtence in the Design

Tests= SRA BL-E Occurrences= 10 Parameters= ITEM

Item or

Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 1.7825 0.1944 1.6379 0.1902
2 0.9286 0.1534 0.7214 \ 0,1541
3 0.0430 0.1658 -0.2260 0.1938
4 -0.0044 0.0972 0.0050 0.0720
5 0.6635 0.0961 0.4817 0.1164
6 0.2397 0.0494 0.1554 0.0853
7 0.7048 0.1274 0.5253 0.1078
8 -0.3140 0.0990 -0.2940 0.0900

9 0.4093 0.1053 0.3248 '0.1207
10 -0.1368 0.0616 -0.1258 0.1045
11 -0.4593 0.0707 -0.5446 0.1456
12 -0.8615 0.0905 -0.7487 0.1451

13 1.7003 0.1625 1.6090 0.1581
14 1.8279 0.°2020 1.8072 , - 0.2080

15 0.2265 0.0896 0.2471 0.1142

16 0.0794 0.0783 0:1184 0.1153

17 0.8716 0.0878 0.7876 0.1300
18 0.8462 0.1538 0.7840 0.1627

19 0.6463 0.1259 0.5523 0.1101

20 0.8052 0.0815,, 0.7693 0.1469

21 0.8445 0.148-7, '

.
0.8375 0.1575

22 0.5995 0.0986
h

0.6534 0.1156

23 0.0033 0.0906 -0.0750 0.0811
24 -0.6157 0.1133 -0.5149 0.1212

25 -0.2315 0.0845 -0.1345 0.1446

26 -0.0656 0.0875 0.0685 0.1182

27 0.4449 0.0901 0.4439 0.0879
)8 -0.3577 0.1677 -0.2750 0.1270
29 0.6562 0.0843

..'

0.6901 0.1085

30 0.4468 0.0860 0.4207 0.1537

31 -0.0970 0.0537 -?.:-..-0.0347 0.0768
32 -1.0099 0.1206 - 0.8242 0.1023

33 -0.5421 0.0833 -0.3797 0.0913
34 -0.4805 0.1398 -0.4698 0.1241

35 -0..7028 0.0899 -0.6798 0.0915

36 -0.9998 0.1151 -0.9930 0.1889
37 -1.1236 0.0998 -1.0555 0.0975
38 -1.7228 0.1715 -1.6266 t 0.2191

39 -1.3579 0.1743 -1.2930 0.1816

40 -1.2304 0.1198 -1.1674 0.1102

41 -1.5955 0.1572 -1.4338 0.1990

42 - 0.8610 0.1122 -0.7439 0.1763

,

1.2 2
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TABLE 12

Stability of Parameter Estimates as a Function

, of Occurrence in the Design 113

Tests=

Item or

Score Group

SRA GR -E

Mean

Occurrences=

Std. Dev.

7 Parameters=

0

Mean

ITEM

Std. Dev.

s:.

1 1.$584 0.1072 1.8181 0.1715

2 0.9703 0.1269 0.9201 0.1386

3 1.679 0.1325 1.5026 0.2056

4 1.0130 0.0801 0.8396 0.1114

5 1.2079 0,1465 0.8543 0.1298

6 0.7570 0.1431 0.5826 0.0904

7 -0.8400 0.0869 -0.8594 0.1405

8 -0.7013 0.1634 -0.8397 0.1302

9 -0.3633 0.0558 -0.4566 0.1228

10 -1.1234 0.1800 -0.9683 0.1588

11 0.0757 0.0725 0.1384 0.1135

12 -0.0753 0.1090 0.0441 0.1159

13 0.4679 0.1407 0.5013 0.1047

14 1.8524 0.1033 1.8820 0.1977

15 1.5134 0.1178 1.6219 0.2015

16 0.7674 0.1747 0.8293 0.1514

17 0.1356 0.1105 0.2270 0.0627

18 _0.2603 0.1525 0.2701 0,0599
19 0.5734 0.1191 4.'0.5521 0.0953

20 0.2104 0.1384 0.2347 0.1286

21 -0.0147 0.1105 -0.1134 0.1405

22 -0.0397 0.1590 0.0324 0.1201

23 -0.7321 0.1580 -0.7839 0.1525

24 -0.4979 0.1140 -0.4443 0.1442

25 0:0696 0.0998 -0.0003 0.0661

26 -0.5816 0.1043 -0.4639 0.1885 a

27 0.4029 0.1217 0.4283 0.0825

28 0.7394 0.1606 0.7799 0.1200

29 0.3617 0.0948 0.4830 0.0913

30 -0.6443 0.1012 -0.6770 0.2179

31 -0.2959 0.0845 -0.3160 0.1488 t
32 0.2593 0.0707 0.3174 0.1071,

33 -0.0254 0.0910 -0.0434 0.0878

34 -0.6014 0.1403 -x0.6287 0.1115

35 -0.5300 0.1844 -0.4473 0.1170

36 -0:9596 0.1100 -1.0350 0.1258'

37 -16.9693 0.1198 -0.9741 0.1537

38 '-0.6266 0.1877 -0.5109 0.1173

39 -1.2647 0.2367 -1.2779 0.1873

40 -1.2503 0.1312 -1.1330 0.1460

41 -1.7497 0.1271 -1.7093 0.2419

42 -1.2890 0.1053 -1.1766 0.0521

..,
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TABLE 13

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= SAT I-W Occurrences= 7 Parameters= ITEM

First Tests Second Tests

Item or

Score Group Mean Std. Dev. Mean Std. Dev.

1 2.0880 0.1165 1.8681 0.1821
2 1.5809 0.1088 1.4769 0.1248

. 3 1.5784 0.0679 1.3526 0.1948
4 2.1670 0.2457 1.9509 0.3243
5 1.4883 0.1451 1.3403 0.0576
6 1.1160 0.2293 0.9277 0.1525
7 0.7529 0.1614 0.6663 0.1140
8 0.7496 0.1013 0.5686 0.0630
9 1.9506 0.1764 1.6806 0.1224

10 0.9910 00991 0.8511 0.0811
11 0.5067 0.1562 0.4509 0.1395
'12 0.7859 0.114 0.6164 0.0754
13 0.5359 0.1343' 0.3826 0.1106
14 0.6540 0.0982 0.3813 0.0888

15 0.6017 0.0871 0.4834 0.0715
16 0.7134 0,1272- 0.5753 0.0837
17 1.4861 0.1217 1.3519 0.1337
18 0.0211 0.0997 0.0003 0.1493

19 0.3069 0.2001 0.2569 0.2275
20 0.0657 0.0893. 0.1247 0.0943

21 0.0586 0.1424 0.0083 0.0619
22 -0.3270 0.1043 -0.2620 0.1429

23 -0.0790 0.1364 -0.1889. 0.1795
24 -0.4794 0.1863 -0.5789 0.1098

25 -0.5296 0.1282 -0.4024 0.'0971

26 -0.2847 0.1038 -0.2373 0.0853
27 -0.6016 0.0552 -0.5956 0.1153
28 -0.8647 6.0397 -0.7280 0.1518

29 -1.0494 0.0952 -1.0717 0.1644

30 -0.8356 0.1567 -0.6317 0.1240

31 -1.6864 0.1437 -1.3673 0.1587

32 -1.3829 0.1134 -1.1346 0.1525

33 -2.2833 0.0849 -1.9481 0.2423

34 -2.2913 0.1892 -2.0277 0.1877

35 -2.0501 0.1952 -1.7249 0.1237

36 -1.8276 0.1233 -1.4270 0.1603
37 -1.7496 0.1514 -1.4867 0.1935

38 -1.8763 0.0795 -1.5010 0.1497
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TABLE 14

Stability of Parameter' Estimates as a Function

of Occurrence in the Design

Tests=

Item or
Score Group

SAT II-W

First Tests

Occurrences=

Std. Dev.

11 Parameters= ITEM

Second Tests

Mean Mean Std. Dev.

1 2.0992 0.2102 1.8619 0.1787

_2 2.7114 0.1771 2.4859 0.2528

3 2.0149 0.1547 1.7919 0.1395

4 2.2099 0.2049 2.0188 0.2728

5 1.. 1877 0.1721 1.1189 0.2872

6 1.9988 0.1868 1.7195 0.1451

7 1.2257 0.0812 1.1258 0.1355

8 1.1120 0.2086 0,8832 0,1988

9 0.6926 0.1672 0.6229 0.1922

10 2.1144 0.1623 1.8882 0.1525

11 0.9869 0.1252 0.8254 0.1518

12 0.7025 0.0841 0.4896 0.1152

13 0.1422 0.1029 0.0745 0.1203

14 0.4325 0.1645 0.3348 0.1587

15 0.1945 0.3135 0.1305 0.1643

16 0.6322 0.0798 0.4645 0.0728

17 0.3766 0.0650 0.2004 0.0956

18 0.4205 0.1574 0.4045 0.1217

19 -0.0295 0.1069 -0.1446 0.0921

20 -0.3869 " 0.1155 -0.4192 0.1805

21 1.4365 0.1376 1.2375 0.1375

22 0.5235 0.1880 0.3786 0'.1363

23 0.3809 0.0596 0.3000 0.0957

24 0.0714 0.1706 -0.0033 .01&52
25 -0.1297 0.1206 -0.1958 0.1032

26 0.4255 0.0994 0.3533 0.0420

27 0.1147 0.1142 0.0660 0.0608

28 -0.2129 0.0902 -0.1375 -0.1734

29 0.4885 0.1330 0.3836 0.1164

30 -0.7130 0.1724 -0.6513 0.1982

31 -0.2105 0.1148 -0.2569 0.1065

32 -0.0564 0.1236 -0.0614 0.1410

33 -1.1771 0.0998 -1.0502 0.1274

34 -0.8503 0.0988 -0.7768 0.1352

35 -1.3472 0.1552 -1.1019 0.1695

36 -0.8431 0.0482 -0.7933 0.0881

37 -0.5733 0.1481 -0.5079 0.1638

38 -0.2295 0.2085 -0.1845 0.1761

39 -1.2176 0.1538 -1.0015 0.1028

40 -0.8815 0.1613 -0.7504 0.1322

41 -1.2554 0.1531 -0.9806 , 0.1212

42 -1.2457 0.1446 -0.9895 0.1661

43 -1.8933 0.1776 -1.5045 0.1708

44 -1.5611 0.1375 -1.2322 0.1298

45 ,% -1.9595 0.1544 -1.6532 0.1590

46 -2.2540 0.2364 -1.8905 0.0923

47 -2.4857 0.1540 -2.1035 0.1915

48 ,-3.1814 0.4536 -2.7701 0.3433
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TABLE 15

Stability of Parameter Estimates,as a FunCtion

,,of Occurrence in the Design
116

Item or
Score Group

Tests= CAT 3-A

rir:t Tests

Occurrences=

Std. Dev.

10 Parameters= ABILITY

Second Tests

Mean 'Mean Std. Dev.

1 -4.3301 0.0506 -4.2470 0.0390

2 - 3.5717 0.0467 -3,4909 0.0346

3 -3.1007 0.0430 -3.0225 0.0309

4 -2.7474 0.0395 -2.6719 0.0281

5 -2.4581 0.6360 -2.3855 0.0263

6 -2.2093 0.03217 -2.1397 0.0245

7 -1.9880 0.0295 -1.9221 0.0230

8 -1.7868 0.0264 -1.7246 0.0219

9 -1.6012 0.0236 -1.5424 0.0210

10 -1.4273 0.0211 -1.3722 0.0199

11 -1.2625 0.0182 -1.2114 0.0191

12 -1.1052 (.1159 -1.0586 0.0179

13 -0.9540 0J,135 -0.9116 0.0167

14 -0.8080 0.'115 -0.7698 0.0156

15 -0.6659 0.0,98 -0.6324 0.0144

16 - 0.5267 0.0083 -0.4981 0.0133

17 -0.3905 0.0074 -0.3662 0.0120

18 -0.2559 0.0069 -0.2366 0.0106

19 .)-0.1226 0.0071 -0.1085 0.0095

20 0.010 0.0078 0.0188 0.0083

21 0.1421 0.0088 0.1457 0.0075

22 0.2745 0.0102 0.2729 0.0068

23 0.4679 0.0116 0.4008 0.0066

24 0.5425 0.0132 0.5298 -0.0070

25 0.6794 0.0148 0.6611 0.0077

26 0.8192 0.0163 0.7948 0.0089

27 0.9624 0.0178 0.9320 0.0104

28 1.1103 0.0196 1.0740 0.0122

29 1.2639 0.0211 1.2215 0.0141

30 1.4251 0.0226 1.3762 0.0163

31 1.5954 0.0243 1.5404 0.0186

32 1.7778 0.0260 1.7158 0.6212

33 1.9753 0.0274 1.9067 0.0236

34 2.1936 0.0290 2.1176 0.0264

35 2.4405 0.0304 2.357,1% 0.0294

36 2.7289 0.0322 2.6373 0.0331

37 3.0833 0.0345 2.9830 0.0372

38 3.5571 0.0369 3.4476 0.0414

39 4.3216 0.0401 4.2016 0.0470
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TABLE 16

Stil,ility of Parameter Estimates as a Function

of Occurrence in the Design

Occurrt.,:nces= 7 Parameters= ABILITYTests= CAT 4-A

Item pr
Score Group

First Tests

Std. Dev.

Second Tests

Mi>in Mean Std. Dev.

1 -4.2784 0.0414 -4.1769 0.0416

2 -3.5219 0.0373 -3.4257 0.0354

3 -3.0549 0.0345 -2.9637 010307

4 -2.706: 0.0321 -2.6203 0.0273

5 -2.4.1 0.0304 -2.3417 0.0245

6 -2.28'3 0.0291 -2.1040 0.0223

7 -1.9084 0.0279 -1.8941 ., 0.0205

8 -1:7743 0.0267 -1.7040 0.0184

9 -1.53 0.0253 -1.5294 0.0169

10 -1.428 C.0243 =1.3660 0,0156

11 -1.2691 0.0232 -1.2116 0.0142

12 -1.117!. 0.0217 -0.0646 0.0131

13 -0.9707 0.0205 -0.9226 0.0117

14 ...o.-),47 0.191 -0.7854 0.0107

15 -0., .).'1].76 -0.6517 0.0093

16 -0.r.- '' 0. 1h' -0.5204 0.0083

17 -)..!',,i 0.0147 -0.3911 0.0074

18 -1).] - -i.. :.2121 -0.2630 0.0060

19 -2,15 0.(114 -0.1360 0.0052

20 _0. i:,' 0.01q3 -0.0090 0.0046

21 n.11,4 0.(0 41 0.1179 0.0042

22 ' e./ 0.00S5 0.2459 0.0043

23 ').--,' .1.rn%3 0.3750 , 0.0047

24 o.',,n7 0,1)(10? 0.5059 0.0057

25 0.y..,) 0.'',!03 0.6391- 0.0072

26 (-).: '.7'40125 0.7754 0.0090

27 '''' 0,': ,,,', ').'144 0.9151 0.0106

28 '.1u31 :1.0171 1.0599 0.0124

29 1.:_0':, 1.0127 1.2104 0,0143

30 1.4.:,,, ..1.0")5 1.3679 0.0163

31 1., ^(,. ,-).,,,51 1.5344 0.0186

32 ./'''C r).1)2F2 1.7123 0.0211

33 1. '.7 1,-..14 1.9051 0.0233

34 :%.21,9 r 0-34; 2.1171 0.0255

35 2.:.)4t, 9._;'3,-c. 2.3567 b.0280

36 2.74'1) ).0'416 2.6363 0.0307

37 3.(» r-).(7, 2.9794 0,0335

38 3. v.21 () ,,)..")c, 3.4393 0.0358

39 ,n74 3.,1,1
) 4.1861 -13.0388
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TABLE 17

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= CTBS 2-Q Occurrences=

item or

Score Croup_ Mean

1 -4.1904
2 -3.4323
3 -2.9636
4 -2.6142
5 ` -2.3307
6 -2.0887
7 -1.8753
8 -1.6828
9 -1.5064

10 -1.3419
11 -1.1869
12 -1.0396
13 -0.8984
14 -0.7621
15 -0.6299
16 -0.5004
17 -0.3734
18 -0.280
19 -0.1237
20 0.0u02

21 0.1242

22 , 0.2489

23 0.3746
24 0.5021

25 0.6J20
26 0.7861
27 0.9017
28' 1.(35
29 1.1913

30 1. 2 '. 1,7'.

31 1.!11
32 1..);,77:

33 1.705
34 ) (1015

35

3)

...ill

'.,'725

37 ..,(: it

33 3.'4, '1

39 4.1742

ass

Std. Dev.

0.0547

0.0507
0.047-
0.0437
0.0402
0.0368
0.0336
0.0303
0.0277
0.0248
0.0222
0.0194
0.0170
0.014,6

0.0123
0.015
0.01 "6 -

0.(`'.72

0.0W3

no71
0.0003
O.

0.00,36

0.010,)

c. .119

0.0139
0.01',8

0

0.01 P4')

0.'_11
C..r'2!4

'()

249

-,.0207

0. ) 2 2

.03510

2 (()11:.

0.W/

,.1v47!

').05)4
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Mean

Parameters= ABILITY

Std. Dev.

-4.1765 0.0690
-3.4145 0.0605
-2.9438 0.0530
-2.5934 0.0469
-2.3093 0.0419
-2.0674 0.0374

-1,8549 0.0335

-1.6629 0.0300

-1.074 0.0269
-1.3241 0.0239
-1.1703 0.0215
-1.0243 0.0190
-0.8847 0.0168
-0.7498 0.0148
-0.6189 0.0131
-0.4911 0.0113
-0.3655 0.0096
-0.2417' 0.0085

-0,1189 0.0079

0.0033 0,0080

0.1257 0..0086

0.2486 0.0092
0.3726 0.0105
0.4984 0.0125
0.6265 0.0141

0.7580 0.0164
0.8929 0.0184

1,0330 0.0206
1.1789 0.0232

1.3325 0.0256

1,4952 0.0287

1.6697 0.0316
1,8596 0.0351
2.0698 0.0385
2.3080

2.5867

2.9302

0,0425
0.0469
0.0519

3.3916 0.0574

4.1412 0.0639



TABLE 18

Stability of'Parameter Estimates as a Function

of Occurrence in the Design

Tests= CTBS 3 -Q Occurrences= 7 Parameters= ABILITY

Item or
Score Group

First Tests

Std. 0o v.

Second Tests

Mean Mean Std. Dev.

1 - 4.0955 0.0284 -4.0641 0.0540

2 -3.3487 0.0254 -3.3190 0.0497

3 -2.8887 0.0227 -2.8613 0.0456

4 -2.5465 0.0202 -2.5214 0.0414

5 -2.269'0 0.0178 -2.2459 0.0379

6 -2.0320 0.0158 -2.0109 0.0344

7 -1.8228 0.0137 -1.8036 0.0307

8 -1.6338 0.0120 -1.6163 0.0278

9 -1.4602 0.0101 -1.4444 0.0245

10 -1.2982 0.0087 -1.2844 0.0217

11 -1.1455 0.0072 -1.1334 0.0189

12 -1.0005 0.0059 -0.9901 0.0162

13 0.8618 0.0043 -0.8530 0.0139

16 -0.7278 0.0031 -0.7206 0.0114

15 -0.5978 0.0022 -0.5920 0.0091

16 -0.4708 0.0014 -0.4667 0.0070

17 -0.3467 0.0014 -0.3440 0.0054

18 -0.2242 0.0022 -0.2231 0.0043

0.0027 -0,1033 0.0044

20 0.6175 0.0037 0.0159 0.0055

21 0.1377 0.0043 0.1343 0.0070

22 0.2382 0.0052' 0.2536 0.0092

23 - 0.3793 0.0060 0.3736 0.0110

'4 0.5020 0.0067 0.4946 0.0126

25 0.6265 0.0076 0.6179 0.0146

26 0.7540 0.0082 0.7439 0,0165

27 0.0188 '0.8733 0.0183

23 1.0195 0.0095 1.0071 0.0198

29 0.0101 1.1464 0.0221

30 1.3078 0.0107 1.2926 0.0237

31 1.4E!.5 6.0113 1.4480 0.0254

32 1,6318 0.0120 1.6146 0.0274

33 0.0121 1.7956 0.0289

34 2.016' 0.0!32 1.9964 0.0305

35 0.0137 2.2243 0.0321

36 2.5142
I

0.0140 2.4923 0.0337

37 2.8,467 0.0152 2.8239 0.0355

33 3.2'463 0.0161 3.2723 0.0372

:9 4.f,328 1.:4169 4,0077 0.0389
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TABLF 19

Stability of Paameter Estimates as a Function

.,*
c of Occurrence in the Design

',.
.

TestS= fTBS 10 -S Occurrences= 7 Paramfters= ABILITY

First Tests Second Tests

Item nr

Score Group Mean Std, Dev.' Mean Std. Dev.

1 - 3.8286 0.0329 -3.8060 0.0331

2 -3.0943 0.0304 -3.0739 0.0309

3 -2.6471 0.0285 -2.6291 0.0284

4 -2.3173 0.026' -2.3010 0.0261

5 -2.0517 0.0242 -2.0367 0.0239

6 -1.8259 0.0224 -1.8126 0.0221

7 -1.6273 0.0205 -1.6157 0.0200

8 -1.4487 0.0186 -1.4384 0.0180

9 -1.2851 0.0172 -1.2761 n 0.9163

10 -1.1324 0.0153 -1.1251 0.0144

11 ':.-Q.9889 , 0.0137 -0.9829 0.0125

12 -P.8526 ,- 0.0120 -0.8474 0.0106

13 -0.72197: 0.0104 -0.7179 0.0092

14 -0.5951 ,0.0087 -0.5926 0.0075

15 -0.4723 0.0073 .-0.4703 ' 0.0059

16 -0.3519 0.0060 -0.3511 0.0045

17 .-1.2333 0.0046 -0.2334 0.0028

13 -0.1161 0.0032 -0.1171 0.0022

19 0.0000 0.00,24 -0.0014 0.0026

20 0.1171. 0.0025 0.1140 0.0035

21 0.2346 0,0040 0.2307 0.0048

22 0.3529 41.0052 0.3481 0.0063

23 0.4711 0.0665 0.4677 0.0074

24 0.5963 0.0080 0.5899 0,0090

25 0.7227 0.0c.qp 0.7157 0.0107

26 0.533 0.0113 0.8456 0.0121

27 0.896 0.0133 0.9813 0.0136

28 1.1130 0.0152 1.1240 0.0150

29 1.253 0.0170 1.2754 0.0167

30 1.449(1 0.0187 0.4386 0.0182

31 1.,2' 3 0.0210 1.6163 0.0197

32 1.c'2=-,3 0.0?29 1.8137 0.0211

33 ?.c v0 f,.0249 7.0184 0.0228

34 2.316'4 0.0271 2.3034 0.0243

35 2,.'456 0.0297 .
2,6321 0.0260

36 3.--'-1 6.()319 3.0781 0.0274

37 3.,134 0.0345 3.8111 0.0289
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TABLE 20

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Tests= ITBS 11-5 Occurrences= 7 Parameters= ABILITY

Item or
Score Group

First Tests

Std. Dev.

Second Tests

Mean Mean Std. Dev.

1 -3.9311 0.0277 -3.9010 0.0170-
2 -3.2044 0.0260 -3.1760 0,0158
3 -2.7651 0.0244 -2.7381 0.0151
4 -2.4430 0.0227 -2.4174 0.0140
5 -2.1847- 0,0210 -2.1604 0.0132
6 -1.9667 0.0198 -1.9441 0.0122
7 -1.7764 0.0181 -1.7550 0.0115
8 - 1.6Q59 0.0167 -1.5859 0.0107
9 -1.4503 0.0153 -1.4317 0.0098

10 -1.3066 0.0143 -1,2891 0,0092
11 -1.1714 0.0129 -1.1557 0;0085
12 -1.0441 0.0'16 -1.0297 0.0078
13 -0.9226 0.0107 -0.9094 0.0070
14 -0.8, -, 0.0094 -0.7940 0.0064
15 -0.6030 0.0084 -0.6824 0.0058
16 -0t. 58 'sh 0.0076 0,5741 0.0053
17 ' -0.476! 0.0065 -0.4684 0.0046
18 -0.371! 0.0058 -0.3644' 0.0039
19 -e.2673 0.0046 -0.2621 0.0036
20 -0.1643 0.0041 -0.1607 0.0030
21 -0.()," 0.0035 -0.0597 0.0026'
22 0.0400 0:0036 0,0411 0.0024

23 0.1424 0.0037 0,1423 0.0021
24 0.2459 0.0039 0.2443 0.0024
25 0,3500 0.0047 0.3473 0.0027
26 0.4563 0.0055 0.4517 0.0030
27 0.5644 -0.0063 0.5586 0.0039'
28 0.6754 >.0.0074 0.6580 0.0044
29 0,7300 , 0.003.5 0.7809 0.0049
30 0.9033 0.0099 0.8979 0.0056
31 1.0320 0.0109 1.0199 0.0066

32 1.1620 0.0127 1.1480 0.0074

33 1.2997 0.0138 1.2841 0.0085
34 1.4C69 0.0154 1,4296 0.0093
35 1.6064 0.0169 1.5869, 0.0107
36 1.7811 0.0134 1.7596 0.0120
37 1.9767 0.0204 1.9527 0.0134

38 2. ",'O('6 0.0225 2.1740 0.0145
39 2.4654 0.0250 2.4360 0.0163
40 2.7955 0.0275 2.7630 0.0181
41 3.2443 0.0303 3.2081 0.0202
42 1.LV417 1.0336 3.9414 0.0226
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' TABLE 21

Stability of Parameter Estimg,tes as a Function

of Occurrence in the Design

Tests= ITBS 12-5 Occurrences= 7 Parameters= ABILITY

Item or
Score Group

First Tests

*Std- Dev.

Second Tests

0

Mean Mean Std. Dev.

1 -4.1171
\
Od0280 -4.0844 0.0261

2 -3.3901 0.0267 73,3591 0.0254

3 -2.9503 0.0256 -2.9204 0,0245

4 -2.6274 0.0240 -2.5991. 0.0238

5 -2.3687 0.0229 -2.3417' 0.0229

6 -2.1497 0.0218 -2.1244 0.02221

7 -1.9589 0.0206 -1.9346 0.0212

8 -1.7873 0.0192 -1.7646 0.0207

9 -1.6310 0.0180 -1.6094 0.0195

10 -1.4860 0.0169 -1.4660 0.0189

11 -1.3506 0.0159 -1.3317 0.0181

12 -1.2223 0.0147 -1,2047 0.0172

13 -1.1001 0.0137 -1.0834 0.0161

14 -0.9827 0.0123 -0.9677 0.0154

15 -0.8691 0.0113 -0.8556 0,0144

16 -0.7593 0.0103 -0.7467 0.0134

17 -0.6517 0.0092 -0.6403 0.0126

18 -0.5461 0.0083 -0.5363 0.0117

19 -0.4427 0,0072 -0.4339 0.0108

20 -0.3401 0.0063 -0.3326 0.0096

21 -0.2381 0.0055 -0.2323 0.0086

22 -0.1371 0.0048 -0.1323 0.0077

23 -0.0361 0.0039 -0.0324 0.0066

24 0.0651 0.0032 0.0674 0.0059

25 0.1673 0.0030 0.1683 0.0051

26 0.2700 0.0032 0.2696 0.0046,

27 -, 0.3747 0.0036 0.3727 0,0041

2.8 0.4806 0.0043 0.4771 0.0042

29 0.5889 0.0050 0.5837 0.0046,

30 0.6994 0.0062 0.6931 0.0056

31 0.8137 0.0068 0.8059 0.0066

32 0.9317 0.0080 0.9224 0.0079

33 1.0547 0.0088 1.0436 0.0092

34 1.1834 0.0102 1.1703 0.0109

35 1.3190 0.0112 1.3039 0.0126

36 1.4631 0.0128 , 1.4461 0.0142

37 1.6176 0.0140 1.5989 0.0163

38 1.7857 0.0158 1.7,643 0.0186

39 1.9707 0.0179 1.9467 0.0213

40 2.17,86 0.0207 2.1514 0.0249

Gi 2.4171 0.0236 2.3869 0.0291

42 2.7011 0.0283 2.6664 0.0348

43 3.0563 0.0355 3.0164 0.0430

44 3.5396 0.0461 3.4919 0.0555

45 4.3259 0.0629 4.2673 0.0755
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TABLE 22

Stability of,Panmeter Estimates as a Function

of Occurrence in the Design 123

Item or

Score Group

Tests ='

First Tests

MAT E -F Occurrences=

Std. Dev.

7 Parameters= ABILITY

Second Tests

mean Mean Std. Dev.

1 -4.5423 0.0791 -4.4961, 0.1013

2 -3.7983 0.0737 -3.7534 0.0954
3 -3.342Q 0.0689 -3.2983 0.0895
4 -3.0036 0.0641 -2.9611 0.0838
5 ,-, -2.7297 0.0599 -2.6887 0.0785

6 -2.4970 0.0557 -2.4570 0.0732

7 -2.2920 0.0524 -2.2534 0.0683

8 -2.1080 0.0490 -2.0706 0.0633

9 - 1.9391 0.0460 -1,9030 0,0589 L

10 -1.7826 0.0430 -1.7479 0,0543

11 -1.6359 0.0404 -1.6026 0.0505

-12 -1:4971 0.0379 -1.4651 0,0466

13 -1.3647 0.0357 -1.3343 0.0423

14 - 1.2377 0.0334 -1.2090 0.0387

15 -1.1157 0.0113 -1.0884 0.0352

16 -0.9973 0.0293 -0,9714 0.0320

17 -0.8823 0.0275 -0.8579 0.0284

18 -6.7694 0.0258 - 0.7470 0.0253

19/ -0.6590 0.0237 '-0.6384 0,0222

20 - 0.5504 0.0223 -0.5317 . 0.0195

21 .2:0-4433 0.0208 -0.4267 0.0171

22 -0.3374 0.0195 -0.3223 0.0146

23 -0.2320 0.0180 -0.2191 0.0128

24 -0.1271 0.0168 -0.1166 0.0113

25 -0.0224 0.0161 -0.0139 0.0106

26 0.0824 0.0153 0.0886 0.0109

27 0.1877 0.0150 0.1914 0.0119

28 0.2937 0.0148 0.2951 0.0136

29 0.4010 0.0153 0.3999 0.0158

30 0.5094 0.0159 0.5056 0.0181

11 0.6196 0.0172 0.6131 0.0206

32 0.7321 0.0185 0.7229 0.0235

33 0.$3467 0.0202 0,,8349 0.0263

34 0.9650 0.0225 0.9500 0.0294

33 1.(186) 0.0248 1.0684 0.0327

36 1.2130 0.0271 1.1914 0.0362

37 1.1443 0.0304 1.3193 0.0398

38 1.4816 0.0335 1.4530 0.0436

39 1.42Q 0.0172 1.5939 0.0477

40 1.7791 0.0409 1.7431 0.0522

41 1.9431 0.0459 1.9031 0.05613 ..,

42 2.1201 0.0506 2.0757 0.0619

43 2.3136 0.0560 2.2653 0.0674
44 2.5289 0.0623 2.4757 0.0735

45 2.7734 0.0687 2.7156 6 0.0799

46 3.0597 0.0763 2.9974 0.0874

47 3.4123 0.0846 3.3453 0.0955

48 3.8834 0.0933 3.8123 0.1041

49 4,6437 0.1030 4.5687 0.1141
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TABLE 23

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Item or
Score Group

Tests= MAT

First Tests

I-F ()ecurrences=

Std. nev.

11 Parameters= ABILITY

Second 'rests

Mean Mean Std. Dev.

1 -4.5762 0.0677 -4.4899 0.0534

2 -3.8226 0.0624 -3.7433 0.0490

3 -3.3585 0.0576 -3.2855 0.0452

*4 -3.0137 0..036 -2.9459 0.0419

5 -2.7345 0.0/96 -2.6717 0.0388

.6 -2.4971 0.01.59 -2.4386 0.0359

7 42.2885 0.0417 -2.2343 0.0335

8 -2.1003 0.0396 -2.0503 0.0311

S -1.9'292 0.0365 -1.8823 0.0289

1(' -1.7;10 0.0338 - 1.7266 0.0268

11 -1.6:11 0.0311 -1.5811 0.0251

12 -1.005 0:0286 -1.4435 0.0233
.-A

,.....,,,:. 13 -.1.3462 0.0261 -1.3124 0.0218

14 -1.2176 0.0239 -1.1869 0.0201

.. 15 -1.0'.'40 0.021;' -1.0660 0.0187

,I,..; -0,9J9 a 0'94 -0.9493 0.0171

117-
-0.8'75 3.01_72 -0.8353 0.0157

13 -0.7435 D,:01.5"4 -- 0.7243 0.0142

19 -).6'22 . 0.G 33 --0.6157 0.0130

20 -1.5.24 0.01,14 -0.5088 0.0118

21
1

22

-).4143
-0.3071

0.0097
0.008'i

-0.4033
-0.2993

0.0107

0.0096

23 -0.2 (11 0.') .%'4 -0.1961 0.0088

24 -0.'1"-55 0..1.4);) -0.0932 0.0083

25 0.0027 0.0"') 0.0094 0.0080.

26 0.3' 50 0.' -c, 0.1115 0.0078

27 0.:-.103 0.-4 ''4 0.2145 0.9083

28 0.1M3 0..."' 0.3176 0.6090

29 0.t,'51A 0..1 0,6215 0.0098

30 1, ,,11 O. 1,";,- 0.5264 0.0112

31 0.k) )5 0.i....r= 0.6327 0.0125

32 0.7%t5 0.1 0.7409 0.0141

33 0.--'7 0.. ,e 0.8511 0.0156

34
0,9.4,i) 0.0 1 0.9641 0.0172

35 1.1';'15 0.0 d 1.0798 0,0189

36 1.'321 0 I: :1 .1994 0.0209

37 1.1-90 0 ;:) 1.3230 0.0225

38 1.013 0.0 I. L.4521 0.0245

39 1,6296 f.,11,11 1.5875 0.0265

40 1 7737 :..0 il 1.7304 0.0283

41 1.'/./ lb (.0 ,?1 1,8829 0.0303

. 42 2.0991 0.0 .1 2,0470 0.0320

43 2.2F18 (.0- '. 2.2266 ).0342

44 2.'..,49 (, 2.4261 9.0363

45 2.7156 (.. 2.6535 0.0383

46 2.q)4/8 (,' 2.9212 0.0400

47 3.3'-20 (. 3.2529 0.0424

48 3.7749 ( .!, 1 3.7021 0.0446

49 4.3149 iO 4.4384 0.0465
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TABLE 24

Stability of Parameter Estimates as a Function

of Occurrence in the Design 4

Item or
Score Group

TestST STEP

Frirst Tests

4-A Occurrences=

Std. Dev.

14 Parameters= ABILITY

Second Tests

Mean Mean Std. Dev.

'1 / -4.1856 0.0651 -4.0365 0.0555

2 ' .-3.4041 0.0600 -3.2661 0.0513

3 ) -2.9094 0.0555 -2.7815 0.0474

4, -2.5312 0.0519 -2.4129 0.0439

5, -2.2159 0.0481, .-2.1071 0.0402

6 -1.9393 0.0447 -1.8400 0.0370

7 -1.6886 0.0417 -1.5986 0.0334

,8 -1.4559 0.0384 -1.3756 0.0299

9 -1.2361 0.0352 -1.1652 0.0264

10 -1.0256 0.0321 -0.9644 0.0231

11 -0.8218 0.0287 -0.7702 0.0198

12 -0.6222 0.0255, -0.5810 0.0169

13 - 0.4252 0.0222 -0.3946 0.0142

14 -0.2296 0.0189 -0,2097 0.0121,

15 -0.0341 0.0161 -0.0255 0.0112

16 0.1629 0.0140 0.1601 0.0113

17 0.3622 0:0138 0.3474 0.0130

18- 0.5654 0.0156 0.5381 0.0151

.19 0.7735 0.0190 0.7336 0.0179

20 ' 0.9880' 0.0238 0.9349 0.0212

21 1.2106 0.0294 1.1444 0.0248

22 1.4438 0.0355 1.3644 0.0386

23 1.6906 0.0418 1.5982 0.0327

24 1.9557 0.0485 1.8504 0.0371

25 2.2466 0.0552 2.1289 0.0417

26 2.5759 0.0618 2.4460 0,0467

27 2.9673 0.0686 2.8255 0.0518

28 3.4736 0.0753 3.3206 )0.0571

29 4.2649 0.0822 4.1008 0.0625
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TABLE 25

Stability of Parameter.Estimates as a Function

\

It-01 or,

Scoe Group

Tests= SRA

First Tests

of Occurrence

iL7E Occurrences=

Std. Dev.

,

in the Dersign

10 Parameters= ABILITY

Second -Tests

:126,

Mean Mean Std. Dev.

\

1 -4.0713 0.0428 , '' -4.0295 0.0443

2 -3.3311. 0.0397 -3.2914 0.0409

3' -2%8792 0.0369 -2.8417 0.0378

4 -2.5447 0.0344 -2.5094 0.0350

5 -2.2750 0.0318 -2.2416 0.0322

6 -2.0459 0.0295 -2.0144 0.0301

'7 -1.8446 r'0.0271.- -1.8151 0.0276

8 -1.6632 , 0.0250 -1.6361 0.0257

9 -1.4976 0.0228 -1.4724 0.0235

10 -1.3437 0.0208 -1.3205 0.0216

11 , -1.1990 0.0186 -1.1779 0.0198

12 -1.0620 0.0166 -1.0429 0.0177

13 -0.9311 0.0149 -0.9140 0.0160

14 -0.8051 0.0129 -0.7900 0.0143

15 -0.6832 0.0110 -0.6700 0.0127

16 -0.5643 '0.0093 -0.5533 0.0109

17 -0.4480 0.0075 -0.4390 0.0094

18 -0.3338 0.005,9 -0.3268 0.6078

19 -0.2210 0.0040r l',.,!, -0.2159 0.0064

20 -0.1090 0.0027 -0.1060 0.0053

21 0.0024 0.0621 0.0034 , 0.0043

22 0.1141 0.0031 0.1127 0.0044

.23 0.2261 0.0045, 0.2227 0.0050

24 0.3389 0.0063 - 0.3332 0.0061

25 0.4531 0.0082 0.4453 .0'.0077

26 0.5692 0.0100 0.5594 0.0092

27 0.6880 0.0116 0.6759 0.0110

28' 0.8097 0.0134 0.7956 0.0130

29 0.9353 0.01550-. 0.9190 0.0151

30 1.0660 0.0174 :. 1.0473 0.0170

31 1.2026 0.0193 1''..1816 0.0192

32 1.3466 0.0211 1.3234 0.0214

33 1.4996 0.0231 1.4748 0.0227

34, 1.6644 0.0251 1.6370 0.0249

35 1.8443 0.0272 1.8143 0.0285

36 2.0439 0.0291 :''.0118 0.0311

37 2.2714 0.0312 2.2369 0.0336

38 245390 0.0335 2.5022 0.0367

39 2.8709 0.0358 2.8317 0.0397 i

40 3.3199 0.0378 3.2779 0.0448

41 4.0561 0.0404 4.0119 0.0483
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TABLE 26

Stability of Parameter Estimates as a Function

of Cccurrence in the Design

Item or
Scort--,Group

Tests= SRA

First Tests

GR-E Occurrences='

Std. Dev.

7 Parameters=

Second Tests

ABILITY

Mean Mean' Std, Dev.

1 -4.1061 0.0382 -4.0857 0.0566
2 -3.3637 0.0362 -3.3436 0.0524
3 -2.9087 0.0343 -2.8896 0.0486
4 -2.5713 0.0323 -2.5530 0.0449
5 -2.2984 0.0300 -2.2913 0.0411

. 6 -2:0663 0.0284 -2.0503 0.0376
7 -1.8619 0.0261 -1.8471 0.0345
8 -1.6780 0.0242 -1.6643 0.0314 '

9 -1.5091 0.0218 -1.4971 .0.0284
10 -1.3526 0.0198 -1.3414 0.0256
11 -1.2053 0.0178 -1.1956, 0.0225
12 -1.0661 0.0157 -1.0574 0.0202
13 -0.9324 0.0134 -0.9254 0.0172
14 -0.8046 0.0115 -0.7986 0.0149
15 -0.6801 0.0096 -0.6757 0.0123
16 -0.5596 0.0077 -0.5563 0.0098
17 -0.4414 ',,, D.0058 -0.4393 0.0079
18 -0.3259 0.0043 -0.3247 0.0058
19 -0.2114 0.0028 -0.2113 0.0045
20 -0.0983 0.0024 -0..0990 0.0037
21 0.0141 0.0033 0.0123 0.0045
22 0.1266 0.0051 0.1237 0.0062
23_ 0.2391 0.0062 0.2356 0.0078
-24 0.3526 0.0081 0.3479 0.0100
25 0.4673 0.0096 0.4619 0.0120
26 0,.5834 0.0115 0.5774 0.0139
27 0.7020 0.0129 0.6851 0.0161
28 0.8239 0.0144 0.8159 0.0180
29 0.9491 0.0160 0.9407 0.0201
30 1.0793 0.0175 1.0701 0.0223--

31 1.2153 0.0190 1.2053 0.0244.
32 1.3584 0.0206 1.3476 0.0264
33 1.5107 0.0215 1.4991 0.0285
34 1.6741 0.0233 1.6620 0.0306
35 1.8530 0.0245 1.8401 0.0329
36 2.0513 0.0257 2.0377 0.0354
37 2.2771 0.0269 2.2629 0.0377
38 2.5431 0.0283 2.5280 0.0401
39 2.8733 0.0293 2.8574 0.0426
40 3.3204 0.0307 3.3040 0.0457
41 4.0551 0.0317 4.0376 0.0489
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TABLE 27

Stability of Parameter Estimates as a Function,

of Occurrence in the Design

Item or

Score Group

Tests= SAT

First Tests

I-W

.Std.

Occurrences=

Dev.

7 Parameters= ABILITY

Second Tests

Mean Mean Std. Dev.

1 -4.2636 0.0412 i -4.1257 0.0552

2 -3.5084 0.0379 -3.3761 0.0499

3 -3.0407 0.0352 -2.9134 0.0456

4 -2.6900 0.0327 -2.5681 0.0415

' 5 -2.4030 0.0309 -2.2869 0.0377

6 7.2.1557 0.0288 -2.0453 0.0344

7 -1.9357 0.0266 -1.8314 0.0314

8 -1.7354 0.0247 1
-1.6374 0.0283

9 -1.5499 0.0230 -1.4579 0.0256

10 -1.3753" 0.0209 -1.2900 0.0232

11 -1.2094 0.0193 -1.1306 0.0205

12 -1.0500 0.0176 -0.9781 0.0178

13 -0.8960 0.0156 -0.8311 0.0156

14 -0.7463 0.0137 -0.6887 0.0134

15 -0.5993- 0.0116 -0.5494 .0.0110

16 -0.4547 0.0099 -0.4126 0.0088

17 -0.3114 0.0082 -0.2776 0.0067

18 -0.1690 0.0066 -0.1433 0.0051

19 -0.0266 0.d057 -0.0097 0.0047

20 0.1161 0.0055 0.1240 0.0050

21 0.2601 0.0066 0.2589 0.0067

22 0.4060 0.0079 0.3947 0.0089

23. 0.5543 0.0099 0.5329 0.0111

24 0.7060 0.0117 0.6741 0.0136

25 0.8614 0.0137 0.8189 ,-. 0.0159

26 1.0219 0.0161 0.9680 0.0187

27 1.1884 0.0185 1.1230 0.0214

28 1:3626 0.0205 1.2856 0.0239

29 1.5460 0.0229 1.4567 0.0267

30 1.7410 1 0.0253 1.6393 0.0294

31 1.9511 .0276 1.8374 0.0322

32 2.1811 0.0301 2.0550 0.0352

33 2.4384 0.0324 // 2.2997 0.0380

34 2.7357 0.0350 2.5849 0.0413

35 3.0964 0.0373 2.9337 0.0445

36 3.5740 0.0395 3.3997 0.0476

37 4.3380 0.0420 4.1526 0.0509
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TABLE 28

Stability of Parameter Estimates as a Function

of Occurrence in the Design

Item

Score Group_

Tests= SAT II-W

First Tests

Occurrences=

Std. Dev.

11 Parameters= ABILITY

Second Tests

Mean Mean Std. Dev.

1 -4.5909 0.0757 f -4.4430 0.0689

2 -3.8367 0.0712 -3.6946 0.0633

3 -3.3709 0.0667- -3.2347 0;0581

4 -3.0232 0.0624 -2.8929 0.0534

5 -2.7406 0.0583 -2.6160 0.0489

6 -2.4989 ).0547 -2.3803 0451
7 -2.2857 0.0513 -2.1729 6:0413

8 -2.0937 0.0478 -1.9865 4).0377

9 - 1.9174. 0.0448 -1.8161 -0.0345

10 -1.7535 0.0416 -1.6582 0.0314

11 -1.5998 0.0385 -1.5101 0.0287

12 -1.4543 0.6359 -1.3703 0.0261

13 -1.3157 0.0332 -1.2369 0.0239

14 -1.1825 0.0307 -1.1095 0.0217

15 -1.0541 0.028.0 -0.9867 0.0196

16 -0.9299 0.0256 -0.8680 0.0178

17- -0.8086 0.0234 -0.7525 0.0158

18 -0.6903 0.0211 -0.6399 0.0143

19 -0.5741 0.0187 -0.5293 0.0128

20 -0.4597 0.0167 -0.4205 0.0116

21 -0.3468 0.0146 -0.3135 0.0104

22 -0.2347 0.0126 -0.2073 0,0095

23 -0.1235 0.0107 -0.1018 0.0089

24 -0.0123 0.0091 0.0031 0.0086

25 0.0991 0.0079 0.1082 0.0085

26 0.2108 0.0076 0.2132 0.0089

27 0.3234 0.0083 0.3193 0.0097

28 0.4373 0.0096 0.4261 0.0106

29 0.5521 0.0116 0.5342 0.0119

30 0.6692 0.0138 0.6441 0.0133

31 0.7886 0.0165 0.7561 0.0148

32 0.9110 0.0194 0,8706 0.0166

33 1.0369 0.0225 0.9887 0.0183

34 41.1670 0.0258 1.1103 0.0203

35 1.13021- 0.0291 1,2365 0.0224

36

37
.i

1.4428
1.5906

0.0328
0.0368

1.3686
1.5074

0.0246
0.0270

38 1.7474 0.0410 1.6541 0.0298

39 1.9144 0.0455 1.8110 0.0328

40 2.0945 0.0504 1.9805 0.0360

41 2.2914 0.0557 2.1660 0.0400

42 2.5098 0.0613 2.3726 0.0442

43 2.7584 0.0675 2 6085 0.0491

44 3.0A95 0.0744 2.8861 0.0552

45 3.4,J82 0.0828 3.2296 0.0622

46 3.8876 0.0924 3.6931 0.0707

47 4.6598 0.1042 0.0814
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Appendix B

Stability of Ability Estimates as a
Function of Sample Composition
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Figure 3.4.3
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Figure 3.4.4
134

,

STEP II LEVEL 4"FM-A SAMPLE COMPOSITION GRADE

U)

)11

ig

LEGEND:

GRADE 4 +

GRADE 5 X

GRADE C

'c.cc lb.cc 2b.cc 30 .00 40.00
RAN SCORE

1.44



135

Figure 3.4.5
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Figure 3.4.8
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c)

Appendix G

FORTRAN Program for Producing NRS Scores
for any Collection of Items
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C FORTRAN PROGRAM FOR ESTIMATING
C NATIONAL REFERENCE SCALE SCORES
C FROM ANY SET OF ITEMS FROM VOL. II
C ADOTED FROM WRIGHT AND PANCHAPAKASAN...(1969)
C

'DIMENSION D(80),SI(80),B(100),SA(100),Y(100)
C INPUT K=NUMBER OF ITEMS
C INPUT D=ADJUSTED ITEM EASINESS AND
C SI=S1ANDARD-ERROR OF_ESTIMATE OF

ITEM ,EASINESS
SC=.00001

NGK=K-1

DO 5 J=1,NGK
5 B(J)=0.0

D0.7 IT=1,50
G=-J
GP=0.0
DO 6 I=1,K
P=EXP(D(I)+B(J))
PP=1.0+P
G=G+P/PP

6 GP=GP+P/PP**2
G=G/GP
B(J)=B(J)+G
SD=G/B(J)+G
ANS=(SD**2)-SC
IF(ANS.LE.0.0) GO TO 8

7 CONTINUE
8 CONTINUE

DO 11 J-1,NGK
V=0.0
C-0.0
DO 9 I=1,K
Y(I)=EXP(D(1))/(1.0+EXP(D(I)+B(J)))**2-

9 C=C+Y(I)
DO 10 I=1,K

10 V=V+Y(I)*Y(I)*S(I)*SI(I)
11 SA(J)=SORT(1.0/(C*EXP(B(J))+V/C**2))

DO 13 I=1,NGK

ICS=IFIX(B(1)*1.0.+200.5)
ECS=SA(I)*10.

13 WRITE(6,14) I,B(I),SA(I),ICS,ECS

C OUTPUT INCLUDES:
C 1. I=SCORE GROUPS NUMBER

C 2. B(I)=ABILITY ESTIMATE

C 3. SA(I)=STANDARD ERROR OF ABILITY ESTIMATE

C 4. ICS=NATIONAL REFERENCE SCALE SCORE

C 5. ECS=STANDARD ERROR OF MEASUREMENT (NRS SCORE)
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